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Description 

[0001] The present invention relates to apparatus and 
methods for diverting fluids. Embodiments of the inven- 
tion can be used for recovery and injection Some em- 
bodiments reflate especially but not exclusively to recov- 
ery and injection, into either the same, or a different well. 
[0002] Christmas trees are well known in the art of oil 
and gas wells, and generally comprise an assembly of 
pipes, valves and fittings installed in a wellhead after 
completion of drilling and installation of the production 
tubing to control the flow of oil and gas from the well. 
Subsea Christmas trees typically have at least two bores 
one of which communicates with the production tubing 
(the production bore), and the other of which communi- 
cates with the annulus (the annulus bore). 
[0003] Typical designs of Christmas tree have a side 
outlet (a production wing branch) to the production bore 
closed by a production wing valve for removal of produc- 
tion fluids from the production bore. The annulus bore 
also typically has an annulus wing branch with a respec- 
tive annulus wing valve. The top of the production bore 
and the top of the annulus bore are usually capped by a 
Christmas tree cap which typically seals off the various 
bores in the Christmas tree, and provides hydraulic chan- 
nels for operation of the various valves in the Christmas 
tree by means of intervention equipment, or remotely 
from an offshore installation. An example of a flow divert- 
erfor use in a Christmas tree is disclosed in WO 02/3891 2. 
[0004] Wells and trees are often active for a long time, 
and wells from a decade ago may still be in use today. 
However, technology has progressed a great deal during 
this time, for example, subsea processing of fluids is now 
desirable. Such processing can involve adding chemi- 
cals, separating water and sand from the hydrocarbons, 
etc. Furthermore, it is sometimes desired to take fluids 
from one well and inject a component of these fluids into 
another well, or into the same well. To do any of these 
things involves breaking the pipework attached to the 
outlet of the wing branch, inserting new pipework leading 
to this processing equipment, alternative well, etc. This 
provides the problem and large associated risks of dis- 
connecting pipe work which has been in place for a con- 
siderable time and which was never intended to be dis- 
connected. Furthermore, due to environmental regula- 
tions, no produced fluids are allowed to leak out into the 
ocean, and any such unanticipated and unconventional 
disconnection provides the risk that this will occur. 
[0005] Conventional methods of extracting fluid from 
wells involves recovering all of the fluids along pipes to 
the surface (e.g. a rig or even to land) before the hydro- 
carbons are separated from the unwanted sand and wa- 
ter. Conveying the sand and water such great distances 
is wasteful of energy. Furthermore, fluids to be injected 
into a well are often conveyed over significant distances, 
which is also a waste of energy. 
[0006] In low pressure wells, it is generally desirable 
to boost the pressure of the production fluids flowing 



through the production bore, and this is typically done by 
installing a pump or similar apparatus afterthe production 
wing valve in a pipeline or similar leading from the side 
outlet of the Christmas tree. However, installing such a 
5 pump in an active well is a difficult operation, for which 
production must cease for some time until the pipeline is 
cut, the pump installed, and the pipeline resealed and 
tested for integrity. 

[0007] A further alternative is to pressure boostthe pro- 
10 duction fluids by installing a pump from a rig, but this 
requires a well intervention from the rig, which can be 
even more expensive than breaking the subsea or sea- 
bed pipework. 

[0008] According to a first aspect of the present inven- 
ts tion there is provided a Christmas tree as claimed in claim 
1. 

[0009] The oil or gas well is typically a subsea well but 
the invention is equally applicable to topside wells. 
[001 0] By "branch" we mean any branch of the christ- 

20 mas tree, other than the production bore. The wing 
branch is typically a lateral branch of the tree, and can 
be a production or an annulus wing branch connected to 
a production bore or an annulus bore respectively. 
[0011] Optionally, the housing is attached to a choke 

25 body. "Choke body" can mean the housing which remains 
afterthe tree's standard choke has been removed. 
[0012] The diverter assembly could be located in a 
branch of the tree (or a branch extension) in series with 
a choke. For example, the diverter assembly could be 

30 located between the choke and the production wing valve 
or between the choke and the branch outlet. Further al- 
ternative embodiments could have the diverter assembly 
located in pipework coupled to the tree instead of within 
the tree itself. Such embodiments allow the diverter as- 

35 sembly to be used in addition to a choke, instead of re- 
placing the choke. 

[0013] Because a part of the diverter assembly is lo- 
catable in a bore in a branch of the tree, the tree cap 
does not have to be removed to fit the diverter assembly. 
40 Embodiments of the invention can be easily retro-fitted 
to existing trees. 

[0014] Optionally, the internal passage of the diverter 
assembly is in communication with the interior of the 
choke body, or other part of the tree branch. 

45 [0015] The invention provides the advantage that flu- 
ids can be diverted from their usual path between the 
well bore and the outlet of the wing branch. The fluids 
may be produced fluids being recovered and travelling 
from the well bore to the outlet of a tree. Alternatively, 

50 the fluids may be injection fluids travelling in the reverse 
direction into the well bore. As the choke is standard 
equipment, there are well-known and safe techniques of 
removing and replacing the choke as it wears out. The 
same tried and tested techniques can be used to remove 

55 the choke from the choke body and to clamp the diverter 
assembly onto the choke body, without the risk of leaking 
well fluids into the ocean. This enables new pipe work to 
be connected to the choke body and hence enables safe 
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re-routing of the produced fluids, without having to un- 
dertake the considerable risk of disconnecting and re- 
connecting any of the existing pipes (e.g. the outlet head- 
er). 

[001 6] Some embodiments allow fluid communication 5 
between the well bore and the diverter assembly. Other 
embodiments allow the well bore to be separated from a 
region of the diverter assembly. The choke body may be 
a production choke body or an annulus choke body. 
[001 7] Preferably, a first end of the diverter assembly 10 
is provided with a clamp for attachment to a choke body 
or other part of the tree branch. 

[0018] optionally, the housing is cylindrical and the in- 
ternal passage extends axially through the housing be- 
tween opposite ends of the housing. Alternatively, once 15 
end of the internal passage is in a side of the housing. 
[0019] Typically, the diverter assembly includes sep- 
aration means to provide two separate regions within the 
diverter assembly. Typically, each of these regions has 
a respective inlet and outlet so that fluid can flow through 20 
both of these regions independently. 
[0020] Optionally, the housing includes an axial insert 
portion. 

[0021] Typically, the axial insert portion is in the form 
of a conduit. Topically, the end of the conduit extends 25 
beyond the end of the housing. Preferably, the conduit 
divides the internal passage into a first region comprising 
the bore of the conduit and a second region comprising 
the annulus between the housing and the conduit. 
[0022] Optionally, the conduit is adapted to seal within 30 
the inside of the branch (e.g. inside the choke body) to 
prevent fluid communication between the annulus and 
the bore of the conduit. 

[0023] Alternatively, the axial insert portion is in the 
form of a stem. Optionally, the axial insert portion is pro- 35 
vided with a plug adapted to block an outlet of the Christ- 
mas tree. Preferably, the plug is adapted to fit within and 
seal inside a passage leading to an outlet of a branch of 
the tree. 

[0024] Optionally, the diverter assembly provides 40 
means for diverting fluids from a first portion of a first 
flowpath to a second flowpath, and means for diverting 
the fluids from a second flowpath to a second portion of 
a first flowpath. 

[0025] Preferably, at least a part of the first flowpath 45 
comprises a branch of the tree. 

[0026] The first and second portions of the first flow- 
path could comprise the bore and the annulus of a con- 
duit. 

[0027] Optionally, the internal passage of the diverter 50 
assembly is in communication with the interior of the 
branch. 

[0028] Optionally, the tree has a wing branch outlet, 
and the internal passage of the diverter assembly is in 
fluid communication with the wing branch outlet. 55 
[0029] Optionally, a region defined by the diverter as- 
sembly is separate from the production bore of the well. 
Optionally, the internal passage of the diverter assembly 



is separated from the well bore by a closed valve in the 
tree. 

[0030] Alternatively, the diverter assembly is provided 
with an insert in the form of a conduit which defines a 
first region comprising the bore of the conduit, and a sec- 
ond separate region comprising the annulus between the 
conduit and the housing. Optionally, one end of the con- 
duit is sealed inside the choke body or other part of the 
branch, to prevent fluid communication between the first 
and second regions. 

[0031] Optionally, the annulus between the conduit 
and the housing is closed so that the annulus is in com- 
munication with the branch only. 
[0032] Alternatively, the annulus has an outlet for con- 
nection to further pipes, so that the second region pro- 
vides a flowpath which is separate from the first region 
formed by the bore of the conduit. 
[0033] Optionally, the first and second regions are con- 
nected by pipework. Optionally, a processing apparatus 
is connected in the pipework so that fluids are processed 
whilst passing through the connecting pipework. 
[0034] Topically, the processing apparatus is chosen 
from at least one of: a pump; a process fluid turbine; 
injection apparatus for injecting gas or steam; chemical 
injection apparatus; a fluid riser; measurement appara- 
tus; temperature measurement apparatus; flow rate 
measurement apparatus; constitution measurement ap- 
paratus; consistency measurement apparatus; gas sep- 
aration apparatus; water separation apparatus; solids 
separation apparatus; and hydrocarbon separation ap- 
paratus. 

[0035] Optionally, the diverter assembly provides a 
barrier to separate a branch outlet from a branch inlet. 
The barrier may separate a branch outlet from a produc- 
tion bore of a tree. Optionally, the barrier comprises a 
plug, which is typically located inside the choke body (or 
other part of the branch) to block the branch outlet. Op- 
tionally, the plug is attached to the housing by a stem 
which extends axially through the internal passage of the 
housing. 

[0036] Alternatively, the barrier comprises a conduit of 
the diverter assembly which is engaged within the choke 
body or other part of the branch. 
[0037] Optionally, the tree is provided with a conduit 
connecting the first and second regions. 
[0038] Optionally, a first set of fluids are recovered 
from a first well via afirst diverter assembly and combined 
with other fluids in a communal conduit, and the com- 
bined fluids are then diverted into an export line via a 
second diverter assembly connected to a second well. 
[0039] According to a second aspect of the present 
invention, there is provided a method of diverting fluids 
as claimed in claim 18. 

[0040] The diverter assembly is optionally located 
within a choke body; alternatively, the diverter assembly 
may be coupled in series with a choke. The diverter as- 
sembly may be located in the tree branch adjacent to the 
choke, or it may be included within a separate extension 



3 



5 



EP 1 639 230 B1 



6 



portion of the tree branch. 

[0041] Typically, the method is for recovering fluids 
from a well, and includes the final step of diverting fluids 
to an outlet of the first flowpath for recover therefrom. 
Alternatively or additionally, the method is for injecting 
fluids into a well. 

[0042] Optionally, the internal passage of the diverter 
assembly is in communication with the interior of the 
branch. 

[0043] The fluids may be passed in either direction 
through the diverter assembly. 

[0044] Typically, the diverter assembly includes sep- 
aration means to provide two separate regions within the 
diverter assembly, and the method may includes the step 
of passing fluids through one or both of these regions. 
[0045] Optionally, fluids are passed through the first 
and the second regions in the same direction. Alterna- 
tively, fluids are passed through the first and the second 
regions in opposite directions. 

[0046] Optionally, the fluids are passed through one 
of the first and second regions and subsequently at least 
a proportion of these fluids are then passed through the 
other of the first and the second regions. Optionally, the 
method includes the step of processing the fluids in a 
processing apparatus before passing the fluids back to 
the other of the first and second regions. 
[0047] Alternatively, fluids may be passed through only 
one of the two separate regions. Optionally, fluids could 
flow only through a region which is sealed from the 
branch. For example if the separate regions were pro- 
vided with a conduit sealed within a manifold branch, 
fluids may flow through the bore of the conduit only. A 
flowpath could connect the bore of the conduit to a well 
bore (production or annulus bore) or another main bore 
of the tree to bypass the manifold branch. This flowpath 
could optionally link a region defined by the diverter as- 
sembly to a well bore via an aperture in the tree cap. 
[0048] Optionally, the fist and second regions are con- 
nected by pipework. Optionally, a processing apparatus 
is connected in the pipework so that fluids are processed 
whilst passing through the connecting pipework. 
[0049] The processing apparatus can be, but is not 
limited to, any of those described above. 
[0050] Typically, the method includes the step of re- 
moving a choke from the choke body before attaching 
the diverter assembly to the choke body. 
[0051] Optionally, the method includes the step of di- 
verting fluids from a first portion of a first flowpath to a 
second flowpath and diverting the fluids from the second 
flowpath to a second portion of the first flowpath. 
[0052] Forrecoveringproductionfluids,thefirstportion 
of the first flowpath is typically in communication with the 
production bore, and the second portion of the first flow- 
path is typically connected to a pipeline for carrying away 
the recovered fluids (e.g. to the surface). For injecting 
fluids into the well, the first portion of the first flowpath is 
typically connected to an external fluid line, and the sec- 
ond portion of the first flowpath is in communication with 



the annulus bore. Optionally, the flow directions may be 
reversed. 

[0053] The method provides the advantage that fluids 
can be diverted (e.g. recovered or injected into the well, 
5 or even diverted from another route, bypassing the well 
completely) without having to remove and replace any 
pipes already attached to the tree branch outlet (e.g. a 
production wing branch outlet). 

[0054] Optionally, the method includes the step of re- 
10 covering fluids from a well and the step of injecting fluids 
into the well. Optionally, some of the recovered fluids are 
re-injected into the same well, or a different well. 
[0055] For example, the production fluids could be sep- 
arated into hydrocarbons and water; the hydrocarbons 
15 being returned to the first flowpath for recovery therefrom, 
and the water being returned and injected into the same 
or a different well. 

[0056] Optionally, both of the steps of recovering fluids 
and injecting fluids include using respective flow diverter 
20 assemblies. Alternatively, only one of the steps of recov- 
ering and injecting fluids includes using a diverter assem- 
bly. 

[0057] Optionally, the method includes the step of di- 
verting the fluids through a processing apparatus. 

25 [0058] Optionally, the tree may have a first diverter as- 
sembly connected to a first branch and a second diverter 
assembly connected to a second branch. 
[0059] Typically, the first branch comprises a produc- 
tion wing branch and the second branch comprises an 

30 annulus wing branch. 

[0060] Optionally, the tree may have a first bore having 
an outlet; a second bore having an outlet; a first diverter 
assembly connected to the first bore; a second diverter 
assembly connected to the second bore; and a flowpath 

35 connecting the first and second diverter assemblies. 
[0061] Typically at least one of the first and second 
diverterassemblies blocks a passage in the tree between 
a bore of the tree and its respective outlet. Optionally, 
thefirst bore comprises a production bore andthe second 

40 bore comprises an annulus bore. 

[0062] Certain embodiments have the advantage that 
the first and second diverter assemblies can be connect- 
ed together to allow the unwanted parts of the produced 
fluids (e.g. water and sand) to be directly injected back 

45 into the well, instead of being pumped away with the hy- 
drocarbons. The unwanted materials can be extracted 
from the hydrocarbons substantially at the wellhead, 
which reduces the quantity of production fluids to be 
pumped away, thereby saving energy. The first and sec- 

50 ond diverter assemblies can alternatively or additionally 
be usedto connectto other kinds of processing apparatus 
(e.g. the types described with reference to other aspects 
of the invention), such as a booster pump, filter appara- 
tus, chemical injection apparatus, etc. to allow adding or 

55 taking away of substances and adjustment of pressure 
to be carried out adjacent to the wellhead. The first and 
second diverterassemblies enable processing to be per- 
formed on both fluids being recovered and fluids being 
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injected. Preferred embodiments of the invention enable 
both recovery and injection to occur simultaneously in 
the same well. 

[0063] Typically, the first and second diverter assem- 
blies are connected to a processing apparatus. The 
processing apparatus can be any of those described with 
reference to any aspect of the invention. 
[0064] The diverter assembly may be a diverter as- 
sembly as described according to any aspect of the in- 
vention. 

[0065] Typically, a tubing system adapted to both re- 
cover and inject fluids is also provided. Preferably, the 
tubing system is adapted to simultaneously recover and 
inject fluids. 

[0066] Optionally, the method includes the steps of: 

blocking a passage in the tree between a bore of the 
tree and its respective branch outlet; 
diverting fluids recovered from the well out of the 
tree; and 

injecting fluids into the well; 

wherein neither the fluids being diverted out of the 
tree nor the fluids being injected travel through the 
branch outlet of the blocked passage. 

[0067] Preferably, the method is performed using a di- 
verter assembly according to any aspect of the invention. 
[0068] Preferably, a processing apparatus is coupled 
to the second flowpath. The processing apparatus can 
be any of the ones defined in any aspect of the invention. 
[0069] Typically, the processing apparatus separates 
hydrocarbons from the rest of the produced fluids. Typ- 
ically, the non-hydrocarbon components of the produced 
fluids are diverted to the second diverter assembly to 
provide at least one component of the injection fluids. 
[0070] Optionally, at least one component of the injec- 
tion fluids is provided by an external fluid line which is 
notconnectedto the production bore orto the first diverter 
assembly. 

[0071] Optionally, the method includes the step of di- 
verting at least some of the injection fluids from a first 
portion of a first flowpath to a second flowpath and di- 
verting the fluids from the second flowpath back to a sec- 
ond portion of the first flowpath for injection into the an- 
nulus bore of the well. 

[0072] Typically, the steps of recovering fluids from the 
well and injecting fluids into the well are carried out si- 
multaneously. 

[0073] Optionally, a well assembly may comprise: 

a first well having a Christmas tree according to the 
first aspect of the invention; 

a second well having a second Christmas tree ac- 
cording to the first aspect of the invention; and af low- 
path connecting the diverter assemblies of the first 
and second trees. 

[0074] Typically, each of the first and second trees has 



a respective bore and a respective outlet, and at least 
one of the diverter assemblies blocks a passage in the 
tree between its respective tree bore and its respective 
tree outlet. 

5 [0075] Typically, an alternative outlet is provided, and 
the diverter assembly diverts fluids into a path leading to 
the alternative outlet. 

[0076] Optionally, the method includes the steps of: 

10 blocking a passage in the tree between a bore of the 
tree and a branch outlet of the tree; and 
diverting at least some of the fluids from the tree into 
a second well via a path not including the branch 
outlet of the blocked passage. 

15 

[0077] Optionally the method includes the further step 
of returning a portion of the recovered fluids to the tree 
of the first well and thereafter recovering that portion of 
the recovered fluids from the outlet of the blocked pas- 
20 sage. 

[0078] Optionally, the method includes recovery of flu- 
ids from, and injection of fluids into, the well ; wherein at 
least one of the steps of recovery and injection includes 
diverting fluids from a first portion of a first flowpath to a 

25 second flowpath and diverting the fluids from the second 
flowpath to a second portion of the first flowpath. 
[0079] Optionally, recovery and injection is simultane- 
ous. Optionally, some of the recovered fluids are re-in- 
jected into the well. 

30 [0080] Optionally, the method includes recovering flu- 
ids from a first we II and re-injecting at least some of these 
recovered fluids into a second well, wherein the method 
includes the steps of diverting fluids from a first portion 
of a first flowpath to a second flowpath, and diverting at 

35 least some of these fluids from the second flowpath to a 
second portion of the first flowpath. 
[0081 ] Typically, the fluids are recovered from the first 
well via a first diverter assembly, and the fluids are re- 
injected into the second well via a second diverter as- 

^o sembly. 

[0082] Typically, the method also includes the step of 
processing the production fluids in a processing appara- 
tus connected between the first and second wells. 
[0083] Optionally, the method includes the further step 

45 of returning a portion of the recovered fluids to the first 
diverter assembly and thereafter recovering that portion 
of the recovered fluids via the first diverter assembly. 
[0084] Optionally, the method includes the step of di- 
verting the fluids between a well bore and a branch outlet 

50 whilst bypassing at least a portion of the branch. 

[0085] Such embodiments are useful to divert fluids to 
a processing apparatus and then to return them to the 
wing branch outlet for recovery via a standard export line 
attached to the outlet. The method is also useful if a wing 

55 branch valve gets stuck shut. 

[0086] Optionally, the fluids are diverted via the tree 
cap. 

[0087] The first and second flowpaths could comprise 
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some or all of any part of the tree. 
[0088] The first or second portions of thefirstflowpath 
can be in the branch or outlet of the first flowpath. 
[0089] The diversion of fluids from the first flowpath 
allows the treatment of the fluids (e.g. with chemicals) or 
pressure boosting for more efficient recovery before re- 
entry into the first flowpath. 

[0090] A connection typically in the form of a conduit 
is typically provided to transfer fluids between the first 
and second flowpaths. 

[0091] Typically, the diverter assembly can be formed 
from high grade steels or other metals, using e.g. resilient 
or inflatable sealing means as required. 
[0092] The assembly may include outlets for the first 
and second flowpaths, for diversion of the fluids to a pump 
ortreatment assembly, or other processing apparatus as 
described in this application. 

[0093] The assembly and method are typically suited 
for subsea production wells in normal mode or during 
well testing, but can also be used in subsea water injec- 
tion wells, land based oil production injection wells, and 
geothermal wells. 

[0094] The pump can be powered by high pressure 
water or by electricity which can be supplied direct from 
a fixed or floating offshore installation, or from a tethered 
buoy arrangement, or by high pressure gas from a local 
source. 

[0095] The cap preferably seals within Christmas tree 
bores above the upper master valve. Seals between the 
cap and bores of the tree are optionally O-ring, inflatable, 
or preferably metal-to-metal seals. The cap can be retro- 
fitted very cost effectively with no disruption to existing 
pipework and minimal impact on control systems already 
in place. 

[0096] The cap is typically capable of retro-fitting to 
existing trees, and many include equivalent hydraulic flu- 
id conduits for control of tree valves, and which match 
and co-operate with the conduits or other control ele- 
ments of the tree to which the cap is being fitted. 
[0097] Optionally, the tree also includes a pump adapt- 
ed to fit within a bore of the tree. 
[0098] The tree is typically a subsea tree, but a topside 
tree (or other topside manifold) connected to a topside 
well could also be appropriate. Horizontal orvertical trees 
are equally suitable for use of the invention. 
[0099] The bore of the tree may be a production bore. 
However, the pump could be located in any bore of the 
tree, for example, in a wing branch bore. 
[01 00] The flow diverter typically incorporates diverter 
means to divert fluids flowing through the bore of the tree 
from a first portion of the bore, through the pump, and 
back to a second portion of the bore for recovery there- 
from via an outlet, which is typically the production wing 
valve. 

[0101] The first portion from which the fluids are initially 
diverted is typically the production bore/other bore/line 
of the well, and flow from this portion is typically diverted 
into a diverter conduit sealed within the bore. Fluid is 



typically diverted through the bore of the diverter conduit, 
and after passing therethrough, and exiting the bore of 
the diverter conduit, typically passes through the annulus 
created between the diverterconduit and the bore or line. 

5 At some point on the diverted fluid path, the fluid passes 
through the pump internally of the tree, thereby minimis- 
ing the external profile of the tree, and reducing the 
chances of damage to the pump. 
[0102] The pump is typically powered by a motor, and 

10 the type of motor can be chosen from several different 
forms. In some embodiments of the invention, a hydraulic 
motor, a turbine motor or moineau motor can be driven 
by any well-known method, for example an electro-hy- 
draulic power pack or similar power source and can be 

15 connected, either directly or indirectly, to the pump. In 
certain other embodiments, the motor can be an electric 
motor, powered by a local power source or by a remote 
power source. 

[0103] Certain embodiments of the present invention 
20 allow the construction of wellhead assemblies that can 
drive the fluid flow in different directions, simply by re- 
versing the flow of the pump, although in some embod- 
iments valves may need to be changed (e.g. reversed) 
depending on the design of the embodiment. 
25 [0104] The diverter assembly typically includes a tree 
cap that can be retrofitted to existing designs of tree, and 
can integrally contain the pump and/or the motor to drive 
it. 

[0105] The flow diverter preferably also comprises a 
30 conduit capable of insertion into the bore, and may have 
sealing means capable of sealing the conduit against the 
wall of the bore. The flow diverter seals can be optionally 
O-ring, inflatable, elastomeric or metal to metal seals. 
The cap or other parts of the flow diverter can comprise 
35 hydraulic fluid conduits. The pump can optionally be 
sealed within the conduit. 

[01 06] Optionally, the method comprises diverting flu- 
ids from a first portion of a bore of the tree through an 
integral pump located in the bore and into a second por- 

^0 tion of the bore. 

[0107] Optionally, the tree includes a gas injection line. 
[0108] Optionally, the method includes using a gas in- 
jection line to inject fluids into the well. 
[0109] The injection fluids are typically gases; the 

45 method may include the steps of blocking a flowpath be- 
tween the bore of the tree and a production wing outlet 
and diverting the recovered fluids out of the tree along 
an alternative route. The method may include diverting 
the recovered fluids to a processing apparatus and re- 

50 turning at least some of these recovered fluids to the tree 
and recovering these fluids from a wing branch outlet. 
The recovered fluids may undergo any of the processes 
described in this invention, and may be returned to the 
tree for recovery, or not, (e.g. they may be recovered 

55 from a fluid riser) according to any of the described meth- 
ods and flowpaths. 

[0110] Embodiments of the invention will now be de- 
scribed byway of example only and with reference to the 
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accompanying drawings in which :- 

Fig. 1 is a side sectional view of a typical production 
tree; 

Fig. 2 is a side view of an assembly comprising the 5 
Fig. 1 tree with a diverter cap in place (not an em- 
bodiment of the invention); 

Fig. 3a is a view of the Fig. 1 tree with a second 
design of a cap in place (not an embodiment of the 
invention); 10 
Fig. 3b is a view of the Fig. 1 tree with a third design 
of a cap in place (not an embodiment of the inven- 
tion); 

Fig. 4a is a view of the Fig. 1 tree with a fourth design 

of a cap in place (not an embodiment of the inven- 15 

tion); and 

Fig. 4b is a side view of the Fig. 1 tree with a fifth 
design of a cap in place (not an embodiment of the 
invention); 

Fig. 5 shows a side view of an assembly having an 20 
internal pump which could be used with the present 
invention; 

Fig. 6 shows a similar view of a second assembly 
with an internal pump which could be used with the 
present invention; 25 
Fig. 7 shows a similar view of a third assembly with 
an internal pump which could be used with the 
present invention; 

Fig. 8 shows a similar view of a fourth assembly with 

an internal pump which could be used with the 30 

present invention; 

Fig 9 shows a similar view of a fifth assembly with 
an internal pump which could be used with the 
present invention; 

Figs. 10 and 1 1 show a sixth assembly with an in- 35 
ternal pump which could be used with the present 
invention; 

Figs. 12 and 13 show a seventh assembly with an 
internal pump which could be used with the present 
invention; 40 
Figs. 14 and 15 show an eighth assembly with an 
internal pump which could be used with the present 
invention; 

Fig. 1 6shows a ninth assembly with an internal pump 
which could be used with the present invention; 45 
Fig. 1 7 shows a schematic diagram of the Fig. 2 as- 
sembly coupled to processing apparatus (not an em- 
bodiment of the invention); 

Fig. 1 8 shows a schematic diagram of two assem- 
blies according to Fig. 2 engaged with a production 50 
well and an injection well respectively, the two wells 
being connected via a processing apparatus (not an 
embodiment of the invention); 
Fig 19 shows a specific example of the Fig. 18 ar- 
rangement (not an embodiment of the invention); 55 
Fig. 20 shows a cross-section of an embodiment of 
the invention, which has a diverter conduit located 
inside a choke body; 



Fig. 21 shows a cross -section of the embodiment of 
Fig. 20 located in a horizontal tree; 
Fig. 22 shows a cross-section of a further embodi- 
ment, similar to the Fig. 20 embodiment, but also 
including a choke; 

Fig 23 shows a cross-sectional view of a tree having 
a first diverter assembly coupled to a first branch of 
the tree and a second diverter assembly coupled to 
a second branch of the tree; 
Fig 24 shows a schematic view of the Fig 23 assem- 
bly used in conjunction with a first downhole tubing 
system; 

Fig 25 shows an alternative embodiment of a down- 
hole tubing system which could be used with the Fig 
23 assembly; 

Figs 26 and 27 show alternative embodiments of the 
invention, each having a diverter assembly coupled 
to a modified Christmas tree branch between a choke 
and a production wing valve; 
Figs 28 and 29 show further alternative embodi- 
ments, each having a diverter assembly coupled to 
a modified Christmas tree branch below a choke; 
Fig 30 shows a first diverter assembly used to divert 
fluids from a first well and connected to an inlet head- 
er; and a second diverter assembly used to divert 
fluids from a second well and connected to an output 
header; 

Fig 31 shows a cross-sectional view of an embodi- 
ment of a diverter assembly having a central stem; 
Fig 32 shows a cross -sectional view of a diverter 
assembly not having a central conduit (not an em- 
bodiment of the invention); 

Fig 33 shows a cross-sectional view of a further em- 
bodiment of a diverter assembly; and 
Fig 34 shows a cross-sectional view of a possible 
method of use of the Fig 33 embodiment to provide 
a flowpath bypassing a wing branch of the tree; 
Fig 35 shows a schematic diagram of a tree with a 
Christmas tree cap having a gas injection line (not 
an embodiment of the invention); 
Fig. 36 shows a more detailed view of the apparatus 
of Fig. 35 (not an embodiment of the invention); 
Fig. 37 shows a combination of the arrangements of 
Figs. 3 and 35 (not an embodiment of the invention); 
Fig 38 shows a further embodiment which is similar 
to Fig 23; and 

Fig 39 shows a further embodiment which is similar 
to Fig 1 8. 

[01 11] Referring nowtothe drawings, atypical produc- 
tion manifold on an offshore oil or gas wellhead compris- 
es a Christmas tree with a production bore 1 leading from 
production tubing (not shown) and carrying production 
fluids from a perforated region of the production casing 
in a reservoir (not shown. An annulus bore 2 leads to the 
annulus between the casing and the production tubing 
and a Christmas tree cap 4 which seals off the production 
and annulus bores 1, 2, and provides a number of hy- 
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draulic control channels 3 by which a remote platform or 
intervention vessel can communicate with and operate 
the valves in the Christmas tree. The cap 4 is removable 
from the Christmas tree in order to expose the production 
and annulus bores in the event that intervention is re- 
quired and tools need to be inserted into the production 
or annulus bores 1 , 2. 

[0112] The flow of fluids through the production and 
annulus bores is governed by various valves shown in 
the typical tree of Fig. 1. The production bore 1 has a 
branch 1 0 which is closed by a production wing valve 
(PWV) 12. A production swab valve (PSV) 15 closes the 
production bore 1 above the branch 1 0 and PWV 1 2. Two 
lower valves UPM V 1 7 and LPMV 1 8 (which is optional) 
close the production bore 1 below the branch 10 and 
PWV 12. Between UPMV 17 and PSV 15, a crossover 
port (XOV) 20 is provided in the production bore 1 which 
connects to a the crossover port (XOV) 21 in annulus 
bore 2. 

[0113] The annulus bore is closed by an annulus mas- 
ter valve (AMV) 25 below an annulus outlet 28 controlled 
by an annulus wing valve (AWV) 29, itself below cross- 
over port 21 .The crossover port 21 is closed by crossover 
valve 30. An annulus swab valve 32 located above the 
crossover port 21 closes the upper end of the annulus 
bore 2. 

[0114] All valves in the tree are typically hydraulically 
controlled (with the exception of LPMV 1 8 which may be 
mechanically controlled) by means of hydraulic control 
channels 3 passing through the cap 4 and the body of 
the tool or via hoses as required, in response to signals 
generated from the surface or from an intervention ves- 
sel. 

[0115] When production fluids are to be recovered 
from the production bore 1 , LPMV 1 8 and UPMV 1 7 are 
opened, PSV 15 is closed, and PWV 12 is opened to 
open the branch 10 which leads to the pipeline (not 
shown). PSV 1 5 and ASV 32 are only opened if interven- 
tion is required. 

[0116] Referring now to Fig. 2 (not an embodiment of 
the invention), a wellhead cap 40 has a hollow conduit 
42 with metal, inflatable or resilient seals 43 at its lower 
end which can seal the outside of the conduit 42 against 
the inside walls of the production bore 1, diverting pro- 
duction fluids flowing in through branch 10 into the an- 
nulus between the conduit 42 and the production bore 1 
and through the outlet 46. 

[0117] Outlet 46 leads via tubing 216 to processing 
apparatus 213 (see Fig. 17: not an embodiment of the 
invention). Many different types of processing apparatus 
could be used here. For example, the processing appa- 
ratus 21 3 could comprise a pump or process fluid turbine, 
for boosting the pressure of the fluid. Alternatively, or 
additionally, the processing apparatus could inject gas, 
steam, sea water, drill cuttings or waste material into the 
fluids. The injection of gas could be advantageous, as it 
would give the fluids "lift", making them easier to pump. 
The addition of steam has the effect of adding energy to 



the fluids. 

[0118] Injecting sea water into a well could be useful 
to boost the formation pressure for recovery of hydrocar- 
bons from the well, and to maintain the pressure in the 
5 underground formation against collapse. Also, injecting 
waste gases or drill cuttings etc into a well obviates the 
need to dispose of these at the surface, which can prove 
expensive and environmentally damaging. 
[01 1 9] The processing apparatus 21 3 could also ena- 
10 ble chemicals to be added to the fluids, e.g. viscosity 
moderators, which thin outthe fluids, makingthem easier 
to pump, or pipe skin friction moderators, which minimise 
the friction between the fluids and the pipes. Further ex- 
amples of chemicals which could be injected are sur- 
fs factants, refrigerants, and well fracturing chemicals. 
Processing apparatus 213 could also comprise injection 
water electrolysis equipment. The chemicals/injected 
materials could be added via one or more additional input 
conduits 214. 

20 [0120] Additionally, an additional input conduit 214 
could be used to provide extra fluids to be injected. An 
additional input conduit 214 could, for example, originate 
from an inlet header (shown in Fig 30). Likewise, an ad- 
ditional outlet 212 could lead to an outlet header (also 

25 shown in Fig 30) for recovery of fluids. 

[0121] The processing apparatus 21 3 could also com- 
prise af luid riser, which could provide an alternative route 
between the well bore and the surface. This could be 
very useful if, for example, the branch 10 becomes 

so blocked. 

[0122] Alternatively, processing apparatus 213 could 
comprise separation equipment e.g. for separating gas, 
water, sand/debris and/or hydrocarbons. The separated 
component(s) could be siphoned off via one or more ad- 

35 ditional process conduits 212. 

[0123] The processing apparatus 213 could alterna- 
tively or additionally include measurement apparatus, 
e.g. for measuring the temperature/ flow rate/ constitu- 
tion/ consistency, etc. The temperature could then be 

40 compared to temperature readings taken from the bottom 
of the well to calculate the temperature change in pro- 
duced fluids. Furthermore, the processing apparatus 21 3 
could include injection water electrolysis equipment. 
[0124] Embodiments of the invention (described be- 

45 low) can be used for both recovery of production fluids 
and injection of fluids, and the type of processing appa- 
ratus can be selected as appropriate. 
[0125] The bore of conduit 42 can be closed by a cap 
service valve (CSV) 45 which is normally open but can 

50 close off an inlet 44 of the hollow bore of the conduit 42. 
[0126] After treatment by the processing apparatus 
21 3 the fluids are returned via tubing 21 7 to the produc- 
tion inlet 44 of the cap 40 which leads to the bore of the 
conduit 42 and from there the fluids pass into the well 

55 bore. The conduit bore and the inlet 46 can also have an 
optional crossovervalve (COV) designated 50, and atree 
cap adapter 51 in order to adapt the flow diverter chan- 
nels in the tree cap 40 to a particular design of tree head. 
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Control channels 3 are mated with a cap controlling 
adapter 5 in order to allow continuity of electrical or hy- 
draulic control functions from surface or an intervention 
vessel. 

[0127] This arrangement therefore provides a fluid di- 
verter for use with a wellhead tree comprising a thin 
walled diverter conduit and a seal stack element con- 
nected to a modified Christmas tree cap, sealing inside 
the production bore of the Christmas tree typically above 
the hydraulic master valve, diverting flow through the 
conduit annulus, and the top of the Christmas tree cap 
and tree cap valves to typically a pressure boosting de- 
vice orchemical treatment apparatus, with the return flow 
routed via the tree cap to the bore of the diverter conduit 
and to the well bore. 

[0128] Referring to Fig. 3a (not an embodiment of the 
invention), afurthercap 40a has a large diameter conduit 
42a extending through the open PSV 1 5 and terminating 
in the production bore 1 having seal stack 43a below the 
branch 1 0, and a further seal stack 43b sealing the bore 
of the conduit 42a to the inside of the production bore 1 
above the branch 10, leaving an annulus between the 
conduit 42a and bore 1 . Seals 43a and 43b are disposed 
on an area of the conduit 42a with reduced diameter in 
the region of the branch 1 0. Seals 43a and 43b are also 
disposed on either side of the crossover port 20 commu- 
nicating via channel 21c to the crossover port 21 of the 
annulus bore 2. 

[0129] Injection fluids enter the branch 1 0 from where 
they pass into the annulus between the conduit 42a and 
the production bore 1 . Fluid flow in the axial direction is 
limited by the seals 43a, 43b and the fluids leave the 
annulus viathe crossover port20 into the crossoverchan- 
nel 21c. The crossover channel 21c leads to the annulus 
bore 2 and from there the fluids pass through the outlet 
62 to the pump or chemical treatment apparatus. The 
treated or pressurised fluids are returned from the pump 
or treatment apparatus to inlet 61 in the production bore 
1 . The fluids travel down the bore of the conduit 42a and 
from there, directly into the well bore. 
[0130] Cap service valve (CSV) 60 is normally open, 
annulus swab valve 32 is normally held open, annulus 
master valve 25 and annulus wing valve 29 are normally 
closed, and crossover valve 30 is normally open. Across- 
over valve 65 is provided between the conduit bore 42a 
and the annular bore 2 in order to bypass the pump or 
treatment apparatus if desired. Normally the crossover 
valve 65 is maintained closed. 

[0131] This arrangment maintains a fairly wide bore 
for more efficient recovery of fluids at relatively high pres- 
sure, thereby reducing pressure drops across the appa- 
ratus. 

[0132] This arrangement therefore provides a fluid di- 
verter for use with a manifold such as a wellhead tree 
comprising a thin walled diverter with two seal stack el- 
ements, connected to a tree cap, which straddles the 
crossover valve outlet and flowline outlet (which are ap- 
proximately in the same horizontal plane), diverting flow 



from the annular space between the straddle and the 
existing xmas tree bore, through the crossover loop and 
crossover outlet, into the annulus bore (or annulus flow- 
path in concentric trees), to the top of the tree cap to 
5 pressure boosting or chemical treatment apparatus etc, 
with the return flow routed via the tree cap and the bore 
of the conduit. 

[0133] Fig. 3b shows a simplified version of a similar 
arrangement (not an embodiment of the invention), in 

10 which the conduit 42a s replaced by a production bore 
straddle 70 having seals 73a and 73b having the same 
position and function as seals 43a and 43b described 
with reference to the Fig. 3a embodiment. In the Fig. 3b 
arrangement, production fluids enter via the branch 10, 

15 pass through the open valve PWV 12 into the annulus 
between the straddle 70 and the production bore 1, 
through the channel 21c and crossover port 20, through 
the outlet 62a to be treated or pressurised etc, and the 
fluids are then returned via the inlet 61a, through the 

20 straddle 70, through the open LPMV1 8 and UPMV 1 7 to 
the production bore 1 . 

[0134] This arrangement therefore provides a fluid di- 
verter for use with a manifold such as a wellhead tree 
which is not connected to the tree cap by a thin walled 
25 conduit, but is anchored in the tree bore, and which allows 
full bore flow above the "straddle" portion, but routes flow 
through the crossover and will allow a swab valve (PSV) 
to function normally. 

[0135] The Fig. 4a arrangement (not an embodiment 

30 of the invention) has a different design of cap 40c with a 
wide bore conduit 42c extending down the production 
bore 1 as previously described. The conduit 42c substan- 
tially fills the production bore 1 , and at its distal end seals 
the production bore at 83 just above the crossover port 

35 20, and below the branch 1 0. The PSV 1 5 is, as before, 
maintained open by the conduit 42c, and perforations 84 
at the lower end of the conduit are provided in the vicinity 
of the branch 10. Crossover valve 65b is provided be- 
tween the production bore 1 and annulus bore 2 in order 

40 to bypass the chemical treatment or pump as required. 
[0136] The Fig 4a arrangement works in a similar way 
to the previous arrangements. This arrangement there- 
fore provides a fluid. diverter for use with a wellhead tree 
comprising a thin walled conduit connected to a tree cap, 

45 with one seal stack element, which is plugged at the bot- 
tom, sealing in the production bore above the hydraulic 
master valve and crossover outlet (where the crossover 
outlet is below the horizontal plane of the flowline outlet), 
diverting flow through the branch to the annular space 

50 between the perforated end of the conduit and the exist- 
ing tree bore, through perforations 84, through the bore 
of the conduit 42, to the tree cap, to atreatment or booster 
apparatus, with the return flow routed through the annu- 
lus bore (or annulus flow path in concentric trees) and 

55 crossover outlet, to the production bore 1 and the well 
bore. 

[0137] Referring now to Fig. 4b, a modified arrange- 
ment (not an embodiment of the invention) dispenses 
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with the conduit 42c of the Fig. 4a arrangement, and sim- 
ply provides a seal 83a above the XOV port 20 and below 
the branch 1 0. This arrangement works in the same way 
as the previous arrangements. 

[0138] This arrangement provides a fluid diverter for 5 
use with a manifold such as a wellhead tree which is not 
connected to the tree cap by a thin walled conduit, but is 
anchored in the tree bore and which routes the flow 
through the crossover and allows full bore flow for the 
return flow, and will allow the swab valve to function nor- 10 
mally. 

[0139] The following Figs 5 to 1 6 are not embodiments 
of the invention in themselves but can be used with di- 
verter assemblies according to the present invention. Fig. 
5 shows asubseatree 101 having a production bore 1 23 15 
for the recovery of production fluids from the well. The 
tree 1 01 has a cap body 103 that has a central bore 103b, 
and which is attached to the tree 101 so that the bore 
1 03b of the cap body 1 03 is aligned with the production 
bore 123 of the tree. Flow of production fluids through 20 
the production bore 123 is controlled by the tree master 
valve 112, which is normally open, and the tree swab 
valve 1 1 4, which is normally closed during the production 
phase of the well, so as to divert fluids flowing through 
the production bore 123 and the tree master valve 112, 25 
through the production wing valve 1 1 3 in the production 
branch, and to a production line for recovery as is con- 
ventional in the art. 

[0140] In Fig. 5, the bore 103b of the cap body 103 
contains a turbine or turbine motor 108 mounted on a 30 
shaftthatisjournalledon bearings 122. The shaft extends 
continuously through the lower part of the cap body bore 
103b and into the production bore 123 at which point, a 
turbine pump, centrifugal pump or, as shown here a tur- 
bine pump 1 07 is mounted on the same shaft. The turbine 35 
pump 1 07 is housed within a conduit 1 02. 
[0141] The turbine motor 1 08 is configured with inter- 
collating vanes 1 08v and 1 03v on the shaft and side walls 
of the bore 103b respectively, so that passage of fluid 
past the vanes in the direction of the arrows 126a and 40 
1 26b tu rns the shaft of the turbine motor 1 08, and thereby 
turns the vanes of the turbine pump 107, to which it is 
directly connected. 

[0142] The bore of the conduit 102 housing the turbine 
pump 1 07 is open to the production bore 1 23 at its lower 45 
end, but there is a seal between the outer face of the 
conduit 102 and the innerface of the production bore 123 
at that lower end, between the tree master valve 1 12 and 
the production wing branch, so that all production fluid 
passing through the production bore 1 23 is diverted into 50 
the bore of the conduit 1 02. The seal is typically an elas- 
tomeric or a metal to metal seal. 

[0143] The upper end of the conduit 102 is sealed in 
a similar fashion to the inner surface of the cap body bore 
103b, at a lower end thereof, but the conduit 102 has 55 
apertures 102a allowing fluid communication between 
the interior of the conduit 1 02, and the annulus 1 24, 1 25 
formed between the conduit 102 and the bore of the tree. 



[0144] The turbine motor 108 is driven by fluid pro- 
pelled by a hydraulic power pack H which typically flows 
in the direction of arrows 126a and 126b so that fluid 
forced down the bore 103b of the cap turns the vanes 
1 08v of the turbine motor 1 08 relative to the vanes 1 03v 
of the bore, thereby turning the shaft and the turbine 
pump 1 07. These actions draw fluid from the production 
bore 123 up through the inside of the conduit 102 and 
expels the fluid through the apertures 1 02a, into the an- 
nulus 124, 125 of the production bore. Since the conduit 
1 02 is sealed to the bore above the apertures 1 02a, and 
below the production wing branch at the lower end of the 
conduit 102, the fluid flowing into the annulus 124 is di- 
verted through the annulus 125 and into the production 
wing through the production wing valve 113 and can be 
recovered by normal means. 

[0145] Another benefit is that the direction of flow of 
the hydraulic power pack H can be reversed from the 
configuration shown in Fig. 5, and in such case the fluid 
flow would be in the reverse direction from that shown 
by the arrows in Fig. 5, which would allow the re-injection 
of fluid from the production wing valve 1 1 3, through the 
annulus 125, 124 aperture 102a, conduit 102 and into 
the production bore 123, all powered by means of the 
pump 1 07 and motor 1 08 operating in reverse. This can 
allow water injection or injection of other chemicals or 
substances into all kinds of wells. 
[0146] In the Fig. 5 arrangement, any suitable turbine 
or moineau motor can be used, and can be powered by 
any well known method, such as the electro-hydraulic 
power pack shown in Fig. 5, but this particular source of 
power is not essential. 

[01 47] Fig. 6 shows a different arrangement that uses 
an electric motor 1 04 instead of the turbine motor 1 08 to 
rotate the shaft and the turbine pump 107. The electric 
motor 104 can be powered from an external or a local 
power source, to which it is connected by cables (not 
shown) in a conventional manner. The electric motor 1 04 
can be substituted for a hydraulic motor or air motor as 
required. 

[01 48] Like the Fig. 5 arrangement, the direction of ro- 
tation of the shaft can be varied by changing the direction 
of operation of the motor 1 04, so as to change the direc- 
tion of flow of the fluid by the arrows in Fig. 6 to the reverse 
direction. 

[01 49] Like the Fig. 5 arrangement, the Fig. 6 assembly 
can be retrofitted to existing designs of Christmas trees, 
and can be fitted to many different tree bore diameters. 
The arrangements described can also be incorporated 
into new designs of Christmas tree as integral features 
rather than as retrofit assemblies. Also, the arrange- 
ments can be fitted to other kinds of manifold apart from 
trees, such as gathering manifolds, on subsea ortopside 
wells. 

[0150] Fig. 7 shows a further arrangement which illus- 
trates that the connection between the shafts of the motor 
and the pump can be direct or indirect. In the Fig. 7 ar- 
rangement, which is otherwise similar to the previous two 
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arrangements described, the electrical motor 1 04 powers 
a drive belt 109, which in turn powers the shaft of the 
pump 107. This connection between the shafts of the 
pump and motor permits a more compact design of cap 
103. The drive belt 109 illustrates a direct mechanical 5 
type of connection, but could be substituted for a chain 
drive mechanism, or a hydraulic coupling, or any similar 
indirect connector such as a hydraulic viscous coupling 
or well known design. 

[0151] Like the preceding arrangements, the Fig. 7 ar- 10 
rangementcan be operated in reverse to draw fluids in 
the opposite direction of the arrows shown, if required to 
inject fluids such as water, chemicals for treatment, or 
drill cuttings for disposal into the well. 

[0152] Fig. 8 shows a further modified arrangement 15 
using a hollow turbine shaft 102s that draws fluid from 
the production bore 1 23 through the inside of conduit 1 02 
and into the inlet of a combined motor and pump unit 
1 05, 1 07. The motor/pump unit has a hollowshaft design, 
where the pump rotor 1 07r is arranged concentrically in- 20 
side the motor rotor 105r, both of which are arranged 
inside a motor stator 1 05s. The pump rotor 1 07r and the 
motor rotor 1 05r rotate as a single piece on bearings 1 22 
around the static hollowshaft 1 02s thereby drawing fluid 
from the inside of the shaft 1 02 though the upper aper- 25 
tures 102u, and down through the annulus 124 between 
the shaft 102s and the bore 103b of the cap 103. The 
lower portion of the shaft 1 02s is apertured at 1 021 , and 
the outer surface of the conduit 1 02 is sealed within the 
bore of the shaft 102s above the lower aperture 1021 , 30 
so that fluid pumped from the annulus 1 24 and entering 
the apertures 1 021 , continues flowing through the annu- 
lus 1 25 between the conduit 1 02 and the shaft 1 02s into 
the production bore 123, and finally through the produc- 
tion wing valve 1 1 3 for export as normal. 35 
[0153] The motor can be any prime mover of hollow 
shaft construction, but electric or hydraulic motors can 
function adequately in this embodiment. The pump de- 
sign can be of any suitable type, but a moineau motor, 
or a turbine as shown here, are both suitable. 40 
[0154] Like previous arrangements, the direction of 
flow of fluid through the pump shown in Fig. 8 can be 
reversed simply by reversing the direction of the motor, 
so as to drive the fluid in the opposite direction of the 
arrows shown in Fig. 8. 45 
[0155] Referring now to Fig. 9a, this arrangement em- 
ploys a motor 1 06 in the form of a disc rotor that is pref- 
erably electrically powered, but could be hydraulic or 
could derive power from any other suitable source, con- 
nected to a centrifugal disc-shaped pump 1 07 that draws 50 
fluid from the production bore 123 through the inner bore 
of the conduit 1 02 and uses centrifugal impellers to expel 
the fluid radially outwards into collecting conduits 124, 
and thence into an annulus 125 formed between the con- 
duit 1 02 and the production bore 1 23 in which it is sealed. 55 
As previously described in earlier arrangements, the fluid 
propelled down the annulus 125 cannot pass the seal at 
the lower end of the conduit 102 below the production 
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wing branch, and exits through the production wing valve 
113. 

[0156] Fig. 9b shows the same pump configured to op- 
erate in reverse, to draw fluids through the production 
wing valve 113, into the conduit 125, across the pump 
1 07, through the re-routed conduit 124' and conduit 1 02, 
and into the production bore 123. 

[0157] One advantage of the Fig. 9 design is that the 
disc shaped motor and pump illustrated therein can be 
duplicated to provide a multi-stage pump with several 
pump units connected in series and/or in parallel in order 
to increase the pressure at which the fluid is pumped 
through the production wing valve 1 13. 
[0158] Referring now to Figs. 10 and 11, this arrange- 
ment illustrates a piston 1 15 that is sealed within the bore 
103b of the cap 103, and connected via a rod to a further 
lower piston assembly 1 1 6 within the bore of the conduit 
1 02. The conduit 1 02 is again sealed within the bore 1 03b 
and the production bore 1 23. The lower end of the piston 
assembly 1 1 6 has a check valve 1 1 9. 
[0159] The piston 1 1 5 is moved up from the lower po- 
sition shown in Fig. 1 0a by pumping fluid into the aperture 
126a through the wall of the bore 103b by means of a 
hydraulic power packin the direction shown by the arrows 
in Fig. 10a. The piston annulus is sealed below the ap- 
erture 1 26a, and so a build-up of pressure belowthe pis- 
ton pushes it upward towards the aperture 126b, from 
which fluid is drawn by the hydraulic power pack. As the 
piston 1 15 travels upward, a hydraulic signal 130 is gen- 
erated that controls the valve 1 17, to maintain the direc- 
tion of the fluid flow shown in Fig. 1 0a. When the piston 
1 15 reaches its uppermost stroke, another signal 131 is 
generated that switches the valve 1 1 7 and reverses di- 
rection of fluid from the hydraulic power pack, so that it 
enters through upper aperture 126b, and is exhausted 
through lower aperture 1 26a, as shown in Fig. 1 1 a. Any 
other similar switching system could be used, and fluid 
lines are not essential. 

[01 60] As the piston is moving up as shown in Fig. 1 0a, 
production fluids in the production bore 123 are drawn 
into the bore 1 02b of the conduit 1 02, thereby filling the 
bore 102b of the conduit underneath the piston. When 
the piston reaches the upper extent of its travel, and be- 
gins to move downwards, the check valve 119 opens 
when the pressure moving the piston downwards ex- 
ceeds the reservoir pressure in the production bore 1 23, 
so that the production fluids 123 in the bore 102b of the 
conduit 1 02 flow through the check valve 1 1 9, and into 
the annulus 1 24 between the conduit 1 02 and the piston 
shaft. Once the piston reaches the lower extent of its 
stroke, and the pressure between the annulus 124 and 
the production bore 1 23 equalises, the check valve 1 1 9 
in the lower piston assembly 116 closes, trapping the 
fluid in the annulus 1 24 above the lower piston assembly 
116. At that point, the valve 1 1 7 switches, causing the 
piston 1 1 5 to rise again and pull the lower piston assem- 
bly 1 1 6 with it. This lifts the column of fluid in the annuls 
1 24 above the lower piston assembly 1 1 6, and once suf- 
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ficient pressure is generated in the fluid in the annulus 
1 24 above lower piston assembly 1 1 6, the check valves 
120 at the upper end of the annulus open, thereby allow- 
ing the well fluid in the annulus to flowthrough the check 
valves 1 20 into the annulus 1 25, and thereby exhausting 5 
through wing valve 1 1 3 branch conduit. When the piston 
reaches its highest point, the upper hydraulic signal 1 31 
is triggered, changing the direction of valve 117, and 
causing the pistons 1 1 5 and 1 1 6 to move down their re- 
spective cylinders. As the piston 1 1 6 moves down once 10 
more, the check valve 119 opens to allow well fluid to fill 
the displaced volume above the moving lower piston as- 
sembly 1 16, and the cycle repeats. 
[0161] The fluid driven by the hydraulic power pack 
can be driven by other means. Alternatively, linear oscil- 15 
lating motion can be imparted to the lower piston assem- 
bly 1 16 by other well-known methods i.e. rotating crank 
and connecting rod, scotch yolk mechanisms etc. 
[0162] By reversing and/or re-arranging the orienta- 
tions of the check valves 119 and 120, the direction of 20 
flow in this arrangement can also be reversed, as shown 
in Fig. 10d. 

[0163] The check valves shown are ball valves, but 
can be substituted for any other known fluid valve. The 
Figs. 1 0 and 1 1 arrangement can be retrofitted to existing 25 
trees of varying diameters or incorporated into the design 
of new trees. 

[0164] Referring now to Figs. 12 and 13, a further ar- 
rangement has a similar piston arrangement as the ar- 
rangement shown in Figs. 1 0 and 1 1 , but the piston as- 30 
sembly 11 5, 11 6 is housed within a cylinder formed en- 
tirely by the bore 1 03b of the cap 103. As before, drive 
fluid is pumped by the hydraulic power pack into the 
chamber below the upper piston 115, causing it to rise 
as shown in Fig. 12a, and the signal line 130 keeps the 35 
valve 1 1 7 in the correct position as the piston 1 1 5 is rising. 
This draws well fluid through the conduit 1 02 and check 
valve 119 into the chamber formed in the cap bore 103b. 
When the piston has reached its full stroke, the signal 
line 131 is triggered to switch the valve 1 17 to the position 40 
shown in Fig. 13a, so that drive fluid is pumped in the 
other direction and the piston 1 1 5 is pushed down. This 
drives piston 1 1 6 down the bore 1 03b expelling well fluid 
through the check valves 120 (valve 119 is closed), into 
annulus 124, 125 and through the production wing valve 45 
113. In this arrangement the check valve 11 9 is located 
in the conduit 1 02, but could be immediately above it. By 
reversing the orientation of the check valves as in previ- 
ous arrangements the flow of the fluid can be reversed. 
[0165] A further arrangement is shown in Figs. 14 and 50 
15, which works in a similar fashion but has a short di- 
verter assembly 102 sealed to the production bore and 
straddling the production wing branch. The lower piston 
1 1 6 strokes in the production bore 1 23 above the diverter 
assembly 1 02. As before, the drive fluid raises the piston 55 
1 15 in a first phase shown in Fig. 14, drawing well fluid 
through the check valve 119, through the diverter assem- 
bly 1 02 and into the upper portion of the production bore 



123. When the valve 117 switches to the configuration 
shown in Fig. 15, the pistons 115, 1 1 6 are driven down, 
thereby expelling the well fluids trapped in the bore 1 23u, 
through the check valve 120 (valve 1 19 is closed) and 
the production wing valve 113. 

[0166] Fig. 16 shows a further arrangement, which em- 
ploys a rotating crank 1 1 0 with an eccentrically attached 
arm 1 1 0a instead of a fluid drive mechanism to move the 
piston 116. The crank 110 is pulling the piston upward 
when in the position shown in Fig. 16a, and pushing it 
downward when in the position shown in 1 6b. This draws 
fluid into the upper part of the production bore 123u as 
previously described. The straddle 1 02 and check valve 
arrangements as described in the previous arrangement. 
[01 67] It should be noted that the pump does not have 
to be located in a production bore; the pump could be 
located in any bore of the tree with an inlet and an outlet. 
For example, the pump and diverter assembly may be 
connected to a wing branch of a tree/a choke body, to 
form embodiments of the invention. 
[0168] Multiple well combinations are shown in Figs. 
18 and 19 (not embodiments of the invention). Fig. 18 
shows a general arrangement, whereby a production well 
230 and an injection well 330 are connected together via 
processing apparatus 220. 

[01 69] The injection well 330 can be any of the capped 
production well arrangements described above. The pro- 
duction well 230 can also be any of the abovedescribed 
production well arrangements, with outlets and inlets re- 
versed. 

[0170] Produced fluids from production well 230 flow 
up through the bore of conduit 42, exit via outlet 244, and 
pass through tubing 232 to processing apparatus 220, 
which may also have one or more further input lines 222 
and one or more further outlet lines 224. 
[0171] Processing apparatus 220 can be selected to 
perform any of the functions described above with refer- 
ence to processing apparatus 21 3 in the Fig. 1 7 arrange- 
ment. Additionally, processing apparatus 220 can also 
separate water/ gas/ oil / sand/ debris from the fluids pro- 
duced from production well 230 and then inject one or 
more of these into injection well 330. Separating fluids 
from onewelland re-injecting into another well viasubsea 
processing apparatus 220 reduces the quantity of tubing, 
time and energy necessary compared to performing each 
function individually as described with respectto Fig. 17. 
Processing apparatus 220 may also include a riserto the 
surface, for carrying the produced fluids or a separated 
component of these to the surface. 
[01 72] Tubing 233 connects processing apparatus 220 
back to an inlet 246 of a wellhead cap 240 of production 
well 230. The processing apparatus 220 could also be 
used to inject gas into the separated hydrocarbons for 
lift and also for the injection of any desired chemicals 
such as scale or wax inhibitors. The hydrocarbons are 
then returned via tubing 233 to inlet 246 and flow from 
there into the annulus between the conduit 42 and the 
bore in which it is disposed. As the annulus is sealed at 
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the upper and lower ends, the fluids flow through the 
export line 21 0 for recovery. 

[0173] The horizontal line 310 of injection well 330 
serves as an injection line (instead of an export line). 
Fluids to be injected can enter injection line 310, from 
where they pass via the annulus between the conduit 42 
and the bore to the tree cap outlet 346 and tubing 235 
into processing apparatus 220. The processing appara- 
tus may include a pump, chemical injection device, 
and/or separating devices, etc. Once the injection fluids 
have been thus processed as required, they can now be 
combined with any separated water/sand/debris/other 
waste material from production well 230. The injection 
fluids are then transported via tubing 234 to an inlet 344 
of the cap 340 of injection well 330, from where they pass 
through the conduit 42 and into the wellbore. 
[0174] It should be noted that it is not necessary to 
have any extra injection fluids entering via injection line 
310; all of the injection fluids could originate from pro- 
duction well 230 instead. Furthermore, as in the previous 
arrangements, if processing apparatus 220 includes a 
riser, this riser could be used to transport the processed 
produced fluids to the surface, instead of passing them 
back down into the Christmas tree of the production bore 
again for recovery via export line 21 0. 
[0175] Fig. 19 shows a specific example of the more 
general arrangement of Fig. 18 and like numbers are 
used to designate like parts. The processing apparatus 
in this embodiment includes a water injection booster 
pump 260 connected via tubing 235 to an injection well, 
a production booster pump 270 connected via tubing 232 
to a production well, and a water separator vessel 250, 
connected between the two wells via tubing 232, 233 and 
234. Pumps 260, 270 are powered by respective high 
voltage electricity power umbilicals 265, 275. 
[0176] In use, producedfluidsfrom production well 230 
exit as previously described via conduit 42 (not shown in 
Fig. 19), outlet 244 and tubing 232; the pressure of the 
fluids are boosted by booster pump 270. The produced 
fluids then pass into separator vessel 250, which sepa- 
rates the hydrocarbons from the produced water. The 
hydrocarbons are returned to production well cap 240 
via tubing 233; from cap 240, they are then directed via 
the annulus surrounding the conduit 42 to export line 210. 
[0177] The separated water is transferred via tubing 
234 to the wellbore of injection well 330 via inlet 344. The 
separated water enters injection well through inlet 344, 
from where it passes directly into its conduit 42 and from 
there, into the production bore and the depths of injection 
well 330. 

[0178] Optionally, it may also be desired to inject ad- 
ditional fluids into injection well 330. This can be done 
by closing a valve in tubing 234 to prevent any fluids from 
entering the injection well via tubing 234. Now, these ad- 
ditional fluids can enter injection well 330 via injection 
line 310 (which was formerly the export line in previous 
arrangements). The rest of this procedure will follow that 
described above with reference to Fig. 1 7. Fluids entering 



injection line 310 pass up the annulus between conduit 
42 (see Figs. 2 and 1 7) and the wellbore, are diverted by 
the seals 43 (see Fig. 2) at the lower end of conduit 42 
to travel up the annulus, and exit via outlet 346. The fluids 

5 then pass along tubing 235, are pressure boosted by 
booster pump 260 and are returned via conduit 237 to 
inlet 344 of the Christmas tree. From here, the fluids pass 
through the inside of conduit 42 and directly into the well- 
bore and the depths of the well 330. 

10 [0179] Typically, fluids are injected into injection well 
330 from tubing 234 (i.e. fluids separated from the pro- 
duced fluids of production well 230) and from injection 
line 31 0 (i.e. any additional fluids) in sequence. Alterna- 
tively, tubings 234 and 237 could combine at inlet 344 

15 and the two separate lines of injected fluids could be in- 
jected into well 330 simultaneously. 
[0180] In the Fig. 1 9 arrangement, the processing ap- 
paratus could comprise simply the water separator ves- 
sel 250, and not include either of the booster pumps 260, 

20 270. 

[0181] Although only two connected wells are shown 
in Figs. 18 and 19, it should be understood that more 
wells could also be connected to the processing appa- 
ratus. 

25 [0182] Two embodiments of the invention are shown 
in Figs. 20 and 21 ; these embodiments are adapted for 
use in a traditional and horizontal tree respectively. 
These embodiments have a diverter assembly 502 lo- 
cated partially inside a Christmas tree choke body 500. 

30 (The internal parts of the choke have been removed, just 
leaving choke body 500). Choke body 500 communicates 
with an interior bore of a perpendicular extension of 
branch 10. 

[0183] Diverter assembly 502 comprises a housing 

35 504, a conduit 542, an inlet 546 and an outlet 544. Hous- 
ing 504 is substantially cylindrical and has an axial pas- 
sage 508 extending along its entire length and a con- 
necting lateral passage adjacent to its upper end; the 
lateral passage leads to outlet 544. The lower end of 

40 housing 504 is adapted to attach to the upper end of 
choke body 500 at clamp 506. Axial passage 508 has a 
reduced diameter portion at its upper end; conduit 542 
is located inside axial passage 508 and extends through 
axial passage 508 as a continuation of the reduced di- 

45 ameter portion. The rest of axial passage 508 beyond 
the reduced diameter portion is of a larger diameter than 
conduit 542, creating an annulus 520 between the out- 
side surface of conduit 542 and axial passage 508. Con- 
duit 542 extends beyond housing 504 into choke body 

50 500, and past the junction between branch 10 and its 
perpendicular extension. At this point, the perpendicular 
extension of branch 1 0 becomes an outlet 530 of branch 
10; this is the same outlet as shown in Fig. 2. Conduit 
542 is sealed to the perpendicular extension at seal 532 

55 just below the junction. Outlet 544 and inlet 546 are typ- 
ically attached to conduits (not shown) which leads to 
and from processing apparatus, which could be any of 
the processing apparatus described above with refer- 
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ence to previous embodiments. 

[0184] The diverter assembly 502 can be used to re- 
cover fluids from or inject fluids into a well. A method of 
recovering fluids will now be described. 
[0185] In use, produced fluids come up the production 
bore 1, enter branch 10 and from there enter annulus 
520 between conduit 542 and axial passage 508. The 
fluids are prevented from going downwards towards out- 
let 530 by seal 532, so they are forced upwards in annulus 
520, exiting annulus 520 via outlet 544. Outlet 544 typi- 
cally leads to a processing apparatus (which could be 
any of the ones described earlier, e.g. a pumping or in- 
jection apparatus). Once the fluids have been processed, 
they are returned through a further conduit (not shown) 
to inlet 546. From here, the fluids pass through the inside 
of conduit 542 and exit though outlet 530, from where 
they are recovered via an export line. 
[0186] To inject fluids into the well, the embodiments 
of Figs 20 and 21 can be used with the flow directions 
reversed. 

[01 87] It is very common for manifolds of various types 
to have a choke; the Fig. 20 and Fig. 21 tree embodiments 
have the advantage that the diverter assembly can be 
integrated easily with the existing choke body with min- 
imal intervention in the well; locating a part of the diverter 
assembly in the choke body need not even involve re- 
moving well cap 40. 

[0188] A further embodiment is shown in Fig. 22. This 
is very similar to the Fig. 20 and 21 embodiments, with 
a choke 540 coupled (e.g. clamped) to the top of choke 
body 500. Like parts are designated with like reference 
numerals. Choke 540 is a standard subsea choke. 
[01 89] Outlet 544 is coupled via a conduit (not shown) 
to processing apparatus 550, which is in turn connected 
to an inlet of choke 540. Choke 540 is a standard choke, 
having an inner passage with an outlet at its lower end 
and an inlet 541 . The lower end of passage 540 is aligned 
with inlet 546 of axial passage 508 of housing 504; thus 
the inner passage of choke 540 and axial passage 508 
collectively form one combined axial passage. 
[0190] A method of recovering fluids will now be de- 
scribed. In use, produced fluids from production bore 1 
enter branch 10 and from there enter annulus 520 be- 
tween conduit 542 and axial passage 508. The fluids are 
prevented from going downwards towards outlet 530 by 
seal 532, so they are forced upwards in annulus 520. 
exiting annulus 520 via outlet 544. Outlet 544 typically 
leads to a processing apparatus (which could be any of 
the ones described earlier, e.g. a pumping or injection 
apparatus). Once the fluids have been processed, they 
are returned through a further conduit (not shown) to the 
inlet 541 of choke 540. Choke 540 may be opened, or 
partially opened as desired to control the pressure of the 
produced fluids. The produced fluids pass through the 
inner passage of the choke, through conduit 542 and exit 
though outlet 530, from where they are recovered via an 
export line. 

[0191] The Fig. 22 embodiment is useful for embodi- 



ments which also require a choke in addition to the di- 
verter assembly of Figs. 20 and 21. Again, the Fig 22 
embodiment can be used to inject fluids into a well by 
reversing the flow paths. 

5 [0192] Conduit 542 does not necessarily form an ex- 
tension of axial passage 508. Alternative embodiments 
could include a conduit which is a separate component 
to housing 504; this conduit could be sealed to the upper 
end of axial passage 508 above outlet 544, in a similar 

10 way as conduit 542 is sealed at seal 532. 

[0193] Embodiments of the invention can be retrofitted 
to many different existing designs of tree. 
[0194] Referring now to Fig 23, a conventional tree 
manifold 601 is illustrated having a production bore 602 

15 and an annulus bore 603. 

[0195] The tree has a production wing 620 and asso- 
ciated production wing valve 610. The production wing 
620 terminates in a production choke body 630. The pro- 
duction choke body 630 has an interior bore 607 extend- 

20 ing therethrough in a direction perpendicular to the pro- 
duction wing 620. The bore 607 of the production choke 
body is in communication with the production wing 620 
so that the choke body 630 forms an extension portion 
of the production wing 620. The opening at the lower end 

25 of the bore 607 comprises an outlet 61 2. In prior art trees, 
a choke is usually installed in the production choke body 
630, butinthetree601 ofthe present invention, the choke 
itself has been removed. 

[0196] Similarly, the tree 601 also has an annulus wing 
30 621 , an annulus wing valve 61 1 , an annulus choke body 
631 and an interior bore 609 of the annulus choke body 
631 terminating in an inlet 61 3 at its lower end. There is 
no choke inside the annulus choke body 631 . 
[0197] Attached to the production choke body 630 of 
35 the production wing 620 is a first diverter assembly 604 
in the form of a production insert. The diverter assembly 
604 is very similar to the flow diverter assemblies of Figs 
20 to 22. 

[0198] The production insert 604 comprises a substan- 
ce tially cylindrical housing 640, a conduit 642, an inlet 646 
and an outlet 644. The housing 640 has a reduced diam- 
eter portion 641 at an upper end and an increased diam- 
eter portion 643 at a lower end. 

[0199] The conduit 642 has an inner bore 649, and 
45 forms an extension of the reduced diameter portion 641 . 
The conduit 642 is longer than the housing 640 so that 
it extends beyond the end of the housing 640. 
[0200] The space between the outer surface of the 
conduit 642 and the inner surface of the housing 640 
50 forms an axial passage 647, which ends where the con- 
duit 642 extends out from the housing 640. A connecting 
lateral passage is provided adjacent to the join of the 
conduit 642 and the housing 640; the lateral passage is 
in communication with the axial passage 647 of the hous- 
55 ing 640 and terminates in the outlet 644. 

[0201] The lower end of the housing 640 is attached 
to the upper end of the production choke body 630 at a 
clamp 648, The conduit 642 is sealingly attached inside 
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the inner bore 607 of the choke body 630 at an annular 
seal 645. 

[0202] Attached to the annular choke body 631 is a 
second diverter assembly 605. The second diverter as- 
sembly 605 is of the same form as the first diverter as- 5 
sembly 604. The components of the second diverter as- 
sembly 605 are the same as those of the first diverter 
assembly 604, including a housing 680 comprising a re- 
duced diameter portion 681 and an enlarged diameter 
portion 683; a conduit 682 extending from the reduced 10 
diameter portion 681 and having a bore 689; an outlet 
686; an inlet 684; and an axial passage 687 formed be- 
tween the enlarged diameter portion 683 of the housing 
680 and the conduit 682. A connecting lateral passage 
is provided adjacent to the join of the conduit 682 and 15 
the housing 680; the lateral passage is in communication 
with the axial passage 687 of the housing 680 and ter- 
minates in the inlet 684. The housing 680 is clamped by 
a clamp 688 on the annulus choke body 631, and the 
conduit 682 is sealed to the inside of the annulus choke 20 
body 631 at seal 685. 

[0203] A conduit 690 connects the outlet 644 of the 
first diverter assembly 604 to a processing apparatus 
700. In this embodiment, the processing apparatus 700 
comprises bulk water separation equipment, which is 25 
adapted to separate water from hydrocarbons. A further 
conduit 692 connects the inlet 646 of the first diverter 
assembly 604 to the processing apparatus 700. Likewise, 
conduits 694, 696 connect the outlet 686 and the inlet 
684 respectively of the second diverter assembly 605 to 30 
the processing apparatus 700. The processing appara- 
tus 700 has pumps 820 fitted into the conduits between 
the separation vessel and the first and second flow di- 
verter assemblies 604, 605. 

[0204] The production bore 602 and the annulus bore 35 
603 extend down into the well from the tree 601 , where 
they are connected to a tubing system 800a, shown in 
Fig 24. 

[0205] The tubi ng system 800a is adapted to allow the 
simultaneous injection of a firstf luid into an injection zone 40 
805 and production of a second fluid from a production 
zone 804. The tubing system 800a comprises an inner 
tubing 810 which is located inside an outer tubing 812. 
The production bore 602 is the inner bore of the inner 
tubing 810. The inner tubing 810 has perforations 814 in 45 
the region of the production zone 804. the outer tubing 
has perforations 816 in the region of the injection zone 
805. A cylindrical plug 801 is provided in the annulus bore 
603 which lies between the outertubing 81 2 and the inner 
tubing 810. The plug 801 separates the part of the an- 50 
nulus bore 803 in the region of the injection zone 805 
from the rest of the annulus bore 803. 
[0206] In use, the produced fluids (typically a mixture 
of hydrocarbons and water) enter the inner tubing 810 
through the perforations 81 4 and pass into the production 55 
bore 602. The produced fluids then pass through the pro- 
duction wing 620, the axial passage 647, the outlet 644, 
and the conduit 690 into the processing apparatus 700. 



The processing apparatus 700 separates the hydrocar- 
bons from the water (and optionally other elements such 
as sand), e.g. using centrifugal separation. Alternatively 
or additionally, the processing apparatus can comprise 
any of the types of processing apparatus mentioned in 
this specification. 

[0207] The separated hydrocarbons flow into the con- 
duit 692, from where they return to the first diverter as- 
sembly 604 via the inlet 646. The hydrocarbons then flow 
down through the conduit 642 and exit the choke body 
630 at outlet 612, e.g. for removal to the surface. 
[0208] The water separated from the hydrocarbons by 
the processing apparatus 700 is diverted through the 
conduit696, the axial passage 687, and the annulus wing 
61 1 into the annulus bore 603. When the water reaches 
the injection zone 805, it passes through the perforations 
816 in the outertubing 812 into the injection zone 805. 
[0209] If desired, extra fluids can be injected into the 
well in addition to the separated water. These extra fluids 
flow into the second diverter assembly 631 via the inlet 
613, flow directly through the conduit 682, the conduit 
694 and into the processing apparatus 700. These extra 
fluids are then directed back through the conduit 696 and 
into the annulus bore 603 as explained above forthe path 
of the separated water. 

[021 0] Fig 25 shows an alternative form of tubing sys- 
tem 800b including an inner tubing 820, an outertubing 
822 and an annular seal 821 , for use in situations where 
a production zone 824 is located above an injection zone 
825. The inner tubing 820 has perforations 836 in the 
region of the production zone 824 and the outer tubing 
822 has perforations 834 in the region of the injection 
zone 825. 

[021 1 ] The outer tubing 822, which generally extends 
round the circumference of the inner tubing 820, is split 
into a plurality of axial tubes in the region of the production 
zone 824. This allows fluids from the production zone 
824 to pass between the axial tubes and through the 
perforations 836 in the inner tubing 820 into the produc- 
tion bore 602. From the production bore 602 the fluids 
pass upwards into the tree as described above. The re- 
turned injections fluids in the annulus bore 603 pass 
through the perforations 834 in the outer tubing 822 into 
the injection zone 825. 

[0212] The Fig 23 embodiment does not necessarily 
include any kind of processing apparatus 700. The Fig 
23 embodiment may be used to recover fluids and/or 
inject fluids, either at the same time, or different times. 
The fluids to be injected do not necessarily have to orig- 
inate from any recovered fluids; the injected fluids and 
recovered fluids may instead be two un-related streams 
of fluids. Therefore, the Fig 23 embodimentdoes not have 
to be used for re-injection of recovered fluids; it can ad- 
ditionally be used in methods of injection. 
[0213] The pumps 820 are optional. 
[0214] The tubing system 800a, 800b could be any 
system that allows both production and injection; the sys- 
tem is not limited to the examples given above. Option- 
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ally, the tubing system could comprise two conduits 
which are side by side, instead of one inside the other, 
one of the conduits providing the production bore and 
the second providing the annulus bore. 
[021 5] Figs 26 to 29 illustrate alternative embodiments 
where the diverter assembly is not inserted within a choke 
body. These embodiments therefore allow a choke to be 
used in addition to the diverter assembly. 
[0216] Fig 26 shows a manifold in the form of a tree 
900 having a production bore 902, a production wing 
branch 920, a production wing valve 910, an outlet 912 
and a production choke 930. The production choke 930 
is a full choke, fitted as standard in many Christmas trees; 
in contrast with the production choke body 630 of the Fig 
23 embodiment, from which the actual choke has been 
removed. In Fig 26, the production choke 930 is shown 
in a fully open position. 

[0217] A diverter assembly 904 in the form of a pro- 
duction insert is located in the production wing branch 
920 between the production wing valve 910 and the pro- 
duction choke 930. The diverter assembly 904 is the 
same as the diverter assembly 604 of the Fig 23 embod- 
iment, and like parts are designated here by like numbers, 
prefixed by "9". Like the Fig 23 embodiment, the Fig 26 
housing 940 is attached to the production wing branch 

920 at a clamp 948. 

[0218] The lower end of the conduit 942 is sealed in- 
side the production wing branch 920 at a seal 945. The 
production wing branch 920 includes a secondary branch 

921 which connects the part of the production wing 
branch 920 adjacent to the diverter assembly 904 with 
the part of the production wing branch 920 adjacent to 
the production choke 930. A valve 922 is located in the 
production wing branch 920 between the diverter assem- 
bly 904 and the production choke 930. 

[0219] The combination of the valve 922 and the seal 
945 prevents production fluids from flowing directly from 
the production bore 902 to the outlet 912. Instead, the 
production fluids are diverted into the axial annular pas- 
sage 947 between the conduit 942 and the housing 940. 
The fluids then exit the outlet 944 into a processing ap- 
paratus (examples of which are described above), then 
re-enter the diverter assembly via the inlet 946, from 
where they pass through the conduit 942, through the 
secondary branch 921 , the choke 930 and the outlet 91 2. 
[0220] Fig 27 shows an alternative embodiment of the 
Fig 26 design, and like parts are denoted by like numbers 
having a prime. In this embodiment, the valve 922 is not 
needed because the secondary branch 921' continues 
directly to the production choke 930', instead of rejoining 
the production wing branch 920'. Again, the diverter as- 
sembly 904' is sealed in the production wing branch 920', 
which prevents fluids from flowing directly along the pro- 
duction wing branch 920', the fluids instead being divert- 
ed through the diverter assembly 904'. 
[0221] Fig 28 shows a further embodiment, in which a 
diverter assembly 1004 is located in an extension 1021 
of a production wing branch 1 020 beneath a choke 1 030. 



The diverter assembly 1004 is the same as the diverter 
assemblies of Figs 26 and 27; it is merely rotated at 90 
degrees with respecttothe production wing branch 1020. 
[0222] The diverter assembly 1 004 is sealed within the 
5 branch extension 1021 at a seal 1045. A valve 1022 is 
located in the branch extension 1021 below the diverter 
assembly 1004. 

[0223] The branch extension 1 021 comprises a prima- 
ry passage 1 060 and a secondary passage 1 061 , which 
10 departs from the primary passage 1060 on one side of 
the valve 1 022 and rejoins the primary passage 1 060 on 
the other side of the valve 1 022. 
[0224] Production fluids pass through the choke 1 030 
and are diverted by the valve 1022 and the seal 1045 
15 into the axial annular passage 1047 of the diverter as- 
sembly 1 004 to an outlet 1 044. They are then typically 
processed by a processing apparatus, as described 
above, and then they are returned to the bore 1049 of 
the diverter assembly 1004, from where they pass 
through the secondary passage 1 061 , back into the pri- 
mary passage 1 060 and out of the outlet 1 01 2. 
[0225] Fig 29 shows a modified version of the Fig 28 
apparatus, in which like parts are designated by the same 
reference number with a prime. In this embodiment, the 
secondary passage 1061' does not rejoin the primary 
passage 1060'; instead the secondary passage 1061' 
leads directly to the outlet 1012'. This embodiment works 
in the same way as the Fig 6 embodiment. 
[0226] The embodiments of Figs 28 and 29 could be 
modified for use with a conventional Christmas tree by 
incorporating the diverter assembly 1 004, 1 004' into fur- 
ther pipework attached to the tree, instead of within an 
extension branch of the tree. 

[0227] Fig 30 illustrates an alternative method of using 
the flow diverter assemblies in the recovery of fluids from 
multiple wells. The flow diverter assemblies can be any 
of the ones shown in the previously illustrated embodi- 
ments, and are not shown in detail in this Figure; for this 
example, the flow diverter assemblies are the production 
flow diverter assemblies of Fig 23. 
[0228] A first diverter assembly 704 is connected to a 
branch of a first production well A. The diverter assembly 
704 comprises a conduit (not shown) sealed within the 
bore of a choke body to provide a first flow region inside 
the bore of the conduit and a second flow region in the 
annulus between the conduit and the bore of the choke 
body. It is emphasised that the diverter assembly 704 is 
the same as the diverter assembly 604 of Fig 23; however 
it is being used in a different way, so some outlets of Fig 
23 correspond to inlets of Fig 30 and vice versa. 
[0229] The bore of the conduit has an inlet 712 and an 
outlet 746 (inlet 712 corresponds to outlet 612 of Fig 23 
and outlet 746 corresponds to inlet 646 of Fig 23). The 
inlet 712 is in communication with an inlet header 701. 
The inlet header 701 may contain produced fluids from 
several other production wells (not shown). 
[0230] The annular passage between the conduit and 
the choke body is in communication with the production 
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wing branch of the tree of the first well A, and with the 
outlet 744 (which corresponds to the outlet 644 in Fig 23). 
[0231] Likewise, a second diverter assembly 714 is 
connected to a branch of a second production well B. 
The second diverter assembly 714 is the same as the 5 
first diverter assembly 704, and is located in a. production 
wing branch in the same way. The bore of the conduit of 
the second diverter assembly has an inlet 756 (corre- 
sponding to the inlet 646 in Fig 23) and an outlet 722 
(corresponding to the outlet 612 of Fig 23). The outlet 10 
722 is connected to an output header 703. The output 
header 703 is a conduit for conveying the produced fluids 
to the surface, for example, and may also be fed from 
several other wells (not shown). 

[0232] The annular passage between the conduit and 15 
the inside of the choke body connects the production 
wing branch to an outlet 754 (which corresponds to the 
outlet 644 of Fig 23). 

[0233] The outlets 746, 744 and 754 are all connected 
via tubing to the inlet of a pump 750. Pump 750 then 20 
passes all of these fluids into the inlet 756 of the second 
diverter assembly 714. Optionally, further fluids from oth- 
er wells (not shown) are also pumped by pump 750 and 
passed into the inlet 756. 

[0234] In use, the second diverter assembly 71 4 func- 25 
tions in the same way as the diverter assembly 604 of 
the Fig 23 embodiment. Fluids from the production bore 
of the second well B are diverted by the conduit of the 
second diverter assembly 714 into the annular passage 
between the conduit and the inside of the choke body, 30 
from where they exit through outlet 754, pass through 
the pump 750 and are then returned to the bore of the 
conduit through the inlet 756. The returned fluids pass 
straight through the bore of the conduit and into the outlet 
header 703, from where they are recovered. 35 
[0235] The first diverter assembly 704 functions differ- 
ently because the produced fluids from the first well 702 
are not returned to the first diverter assembly 704 once 
they leave the outlet 744 of the annulus. Instead, both of 
the flow regions inside and outside of the conduit have 40 
fluid flowing in the same direction. Inside the conduit (the 
firstflow region), fluids flow upwards from the in let header 
701 straight through the conduit to the outlet 746. outside 
of the conduit (the second flow region), fluids flow up- 
wards from the production bore of the first well 702 to the 45 
outlet 744. 

[0236] Both streams of upwardly flowing fluids com- 
bine with fluids from the outlet 754 of the second diverter 
assembly 71 4, from where they enterthe pump 750, pass 
through the second diverter assembly into the outlet 50 
header 703, as described above. 
[0237] It should be noted that the tree 601 is a conven- 
tional tree but the invention can also be used with hori- 
zontal trees. 

[0238] One or both of the flow diverter assemblies of 55 
the Fig 23 embodiment could be located within the pro- 
duction bore and/or the annulus bore, instead of within 
the production and annular choke bodies. 



[0239] The processing apparatus 700 could be one or 
more of a wide variety of equipment. For example, the 
processing apparatus 700 could comprise any of the 
types of equipment described above with reference to 
Fig 17. 

[0240] The above described flow paths could be com- 
pletely reversed or redirected for other process require- 
ments. 

[0241] Fig 31 shows afurtherembodiment of a diverter 
assembly 1110 which is attached to a choke body 1112, 
which is located in the production wing branch 1 1 14 of a 
Christmas tree 1116. The production wing branch 1114 
has an outlet 1118, which is located adjacentto the choke 
body 1112. The diverter assembly 1110 is attached to 
the choke body 1 1 1 2 by a clamp 1119. A first valve V1 
is located in the central bore of the Christmas tree and a 
second valve V2 is located in the production wing branch 
1114. 

[0242] The choke body 1112 is a standard subsea 
choke body from which the original choke has been re- 
moved. The choke body 1112 has a bore which is in fluid 
communication with the production wing branch 1114. 
The upper end of the bore of the choke body 1112 ter- 
minates in an aperture in the upper surface of the choke 
body 1112. The lower end of the bore of the choke body 
communicates with the bore of the production wing 
branch 1114 and the outlet 1 1 1 8. 
[0243] The diverter assembly 1110 has a cylindrical 
housing 1 1 20, which has an interior axial passage 1 1 22. 
The lower end of the axial passage 1 1 22 is open; i.e. it 
terminates in an aperture. The upper end of the axial 
passage 1 122 is closed, and a lateral passage 1 126 ex- 
tends from the upper end of the axial passage 1 122 to 
an outlet 1 124 in the side wall of the cylindrical housing 
1120. 

[0244] The diverter assembly 1110 has a stem 1 1 28 
which extends from the upper closed end of the axial 
passage 1122, down through the axial passage 1122, 
where it terminates in a plug 1130. The stem 1128 is 
longer than the housing 1120, so the lower end of the 
stem 1 1 28 extends beyond the lower end of the housing 
1 120. The plug 1 130 is shaped to engage a seat in the 
choke body 1 1 1 2, so that it blocks the part of the produc- 
tion wing branch 1114 leading to the outlet 1118. The 
plug therefore prevents fluids from the production wing 
branch 1 1 14 or from the choke body 1112 from exiting 
via the outlet 1118. The plug is optionally provided with 
a seal, to ensure that no leaking of fluids can take place. 
[0245] Before fitting the diverter assembly 1 1 1 0 to the 
tree 1 1 1 6, a choke is typically present inside the choke 
body 1112 and the outlet 1 1 1 8 is typically connected to 
an outlet conduit, which conveys the produced fluids 
away e.g. to the surface. Produced fluids flow through 
the bore of the Christmas tree 1116, through valves V1 
and V2, through the production wing branch 1114, and 
out of outlet 1 1 1 8 via the choke. 
[0246] The diverter assembly 1110 can be retrofitted 
to a well by closing one or both of the valves V1 and V2 
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of the Christmas tree 1116. This prevents any fluids leak- 
ing into the ocean whilst the diverter assembly 1110 is 
being fitted. The choke (if present) is removed from the 
choke body 1112 by a standard removal procedure 
known in the art. The diverter assembly 1110 is then 5 
clamped ontothetopofthe choke body 1 1 12 by the clamp 
1 11 9 so that the stem 1 1 28 extends into the bore of the 
choke body 1112 and the plug 1 130 engages a seat in 
the choke body 1 1 1 2 to block off the outlet 1118. Further 
pipework (not shown) is then attached to the outlet 1 1 24 10 
of the diverter assembly 1 1 1 0. This further pipework can 
now be used to divert the fluids to any desired location. 
Forexample, thefluids may be then divertedto a process- 
ing apparatus, or a component of the produced fluids 
may be diverted into another well bore to be used as 15 
injection fluids. 

[0247] The valves V1 and V2 are now re-opened which 
allows the produced fluids to pass into the production 
wing branch 1114 and into the choke body 1112, from 
where they are diverted from their former route to the 20 
outlet 1 1 1 8 by the plug 1 130, and are instead diverted 
through the diverter assembly 1 1 10, out of the outlet 1 124 
and into the pipework attached to the outlet 1 124. 
[0248] Although the above has been described with 
reference to recovering produced fluids from a well, the 25 
same apparatus could equally be used to inject fluids into 
a well, simply by reversing the flow of thefluids. Injected 
fluids could enter the diverter assembly 1 1 1 0 at the ap- 
erture 1124. pass through the diverter assembly 1110, 
the production wing branch 1 4 and into the well. Although 30 
this example has described a production wing branch 
1 1 14 which is connected to the production bore of a well, 
the diverter assembly 1110 could equally be attached to 
an annulus choke body connected to an annulus wing 
branch and an annulus bore of the well, and used to divert 35 
fluids flowing into or out from the annulus bore. An ex- 
ample of a diverter assembly attached to an annulus 
choke body has already been described with reference 
to Fig 23. 

[0249] Fig 32 shows an alternative assembly 1110' 40 
(not an embodiment of the invention) attached to the 
Christmas tree 1116, and like parts will be designated by 
like numbers having a prime. The Christmas tree 1 1 1 6 is 
the same Christmas tree 1116 as shown in Fig 31, so 
these reference numbers are not primed. 45 
[0250] The housing 1120' in the diverter assembly 
1 1 10' is cylindrical with an axial passage 1 122'. However, 
there is no lateral passage, and the upper end of the axial 
passage 1122' terminates in an aperture 1130' in the 
upper end of the housing 1 120', so that the upper end of 50 
the housing 1 120' is open. Thus, the axial passage 1 122' 
extends all of the way thro ugh the housing 1 120' between 
its lower and upper ends. The aperture 1 130' can be con- 
nected to external pipework (not shown). 
[0251] Fig 33 shows a further alternative embodiment 55 
of a diverter assembly 1110", and like parts are desig- 
nated by like numbers having a double prime. This Figure 
is cut off after the valve V2; the rest of the Christmas tree 



is the same as that of Figs 31 + 32. Again, the Christmas 
tree of this embodiment is the same as those of Figs 31 + 
32, and so these reference numbers are not primed. 
[0252] The housing 1 120" of the Fig 33 embodiment 
is substantially the same as the housing 1 1 20' of the Fig 
32 arrangement. The housing 1120 " is cylindrical and 
has an axial passage 1 122 " extending therethrough be- 
tween its lower and upper ends, both of which are open. 
The aperture 1 130 " can be connected to external pipe- 
work (not shown). 

[0253] The housing 1 120 " is provided with an exten- 
sion portion in the form of a conduits 1 132 ", which ex- 
tends from near the upper end of the housing 1 120 " , 
down through the axial passage 1 1 22 " to a point beyond 
the end of the housing 1 120 " .The conduit 1 132" is there- 
fore internal to the housing 1 1 20", and defines an annulus 
1 1 34" between the conduit 1 1 32" and the housing 1 1 20". 
[0254] The lower end of the conduit 1132" is adapted 
to fit inside a recess in the choke body 1112, and is pro- 
vided with a seal 1 1 36, so that it can seal within this re- 
cess, and the length of conduit 1 132 " is determined ac- 
cordingly. 

[0255] As shown in Fig 33, the conduit 1 132" divides 
the space within the choke body 1112 and the diverter 
assembly 1110" into two distinct and separate regions. 
A first region is defined by the bore of the conduit 1 132 
" and the part of the production wing bore 1114 beneath 
the choke body 1112 leading to the outlet 1 1 1 8. The sec- 
ond region is defined by the annulus between the conduit 
1132" and the housing 1120 "/the choke body 1112. 
Thus, the conduit 1132" forms the boundary between 
these two regions, and the seal 1 1 36 ensures that there 
is no fluid communication between these two regions, so 
that they are completely separate. The Fig 33 embodi- 
ment is similar to the embodiments of Figs 20 and 21, 
with the difference that the Fig 33 annulus is closed at 
its upper end. 

[0256] I n use, the arrangements of Figs 32 and 33 may 
function in substantially the same way. The valves V1 
and V2 are closed to allow the choke to be removed from 
the choke body 1112 and the diverter assembly 1110', 
1110" to be clamped on to the choke body 1 1 12, as de- 
scribed above with reference to Fig 31 . Further pipework 
leading to desired equipment is then attached to the ap- 
erture 1 1 30', 1 1 30 ". The diverter assembly 11 1 0', 1 1 1 0" 
can then be used to divert fluids in either direction there- 
through between the apertures 1118 and 1130', 1130". 
[0257] In the Fig 32 arrangement, there is the option 
to divert fluids into or from the well, if the valves V1 , V2 
are open, and the option to exclude thesef luids by closing 
at least one of these valves. 

[0258] The arrangements of Figs 32 and 33 can be 
used to recover fluids from or inject fluids into a well. Any 
of the embodiments shown attached to a production 
choke body may alternatively be attached to an annulus 
choke body of an annulus wing branch leading to an an- 
nulus bore of a well. 

[0259] In the Fig 33 embodiment, no fluids can pass 
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directly between the production bore and the aperture 
1 11 8 via the wing branch 1114, due to the seal 1 1 36. 
Fluids flowing through the axial passage 1 132" may be 
directed into, or may come from, the well bore via a by- 
pass line. An example of such an embodiment is shown 5 
in Fig 34. 

[0260] Fig 34 shows the Fig 33 apparatus attached to 
the choke body 1 1 1 2 of the tree 1116. The tree 1116 has 
a cap 1 140, which has an axial passage 1 142 extending 
therethrough. The axial passage 1 1 42 is aligned with and 10 
connects directly to the production bore of the tree 1116. 
A first conduit 1 1 46 connects the axial passage 1 1 42 to 
a processing apparatus 1 1 48. The processing apparatus 
1 148 may comprise any of the types of processing ap- 
paratus described in this specification. A second conduit 15 
1 1 50 connects the processing apparatus 1 1 48 to the ap- 
erture 1130" in the housing 1120". Valve V2 is shut and 
valve V1 is open. 

[0261] To recover fluids from a well, the fluids travel 
up through the production bore of the tree; they cannot 20 
pass through the wing branch 1114 because of the V2 
valve which is closed, and they are instead diverted into 
the cap 1 1 40. The fluids pass through the conduit 1 1 46, 
through the processing apparatus 1 1 48 andthey arethen 
conveyed to the axial passage 1 122' by the conduit 1 150. 25 
The fluids travel down the axial passage 1122' to the 
aperture 1118 and are recovered therefrom via a stand- 
ard outlet line connected to this aperture. 
[0262] To inject fluids into a well, the direction of flow 
is reversed, so that the fluids to be injected are passed 30 
into the aperture 1118 and are then conveyed through 
the axial passage 1 122', the conduit 1 150, the processing 
apparatus 1 1 48, the conduit 1 1 46, the cap 1 1 40 and from 
the cap directly into the production bore of the tree and 
the well bore. 35 
[0263] This embodiment therefore enables fluids to 
travel between the well bore and the aperture 1118 of 
the wing branch 1114, whilst bypassing the wing branch 
1114 itself. This embodiment may be especially useful 
in wells in which the wing branch valve V2 has stuck in 40 
the closed position. In modifications to this embodiment, 
the first conduit does not lead to an aperture in the tree 
cap. For example, the first conduit 1146 could instead 
connect to an annulus branch and an annulus bore; a 
crossover port could then connect the annulus bore to 45 
the production bore, if desired. Any opening into the tree 
manifold could be used. The processing apparatus could 
comprise any of the types described in this specification, 
or could alternatively be omitted completely. 
[0264] These embodiments have the advantage of 50 
providing a safe way to connect pipework to the well, 
without having to disconnect any of the existing pipework, 
and without a significant risk of fluids leaking from the 
well into the ocean. 

[0265] The uses of the invention are very wide ranging. 55 
The further pipework attached to the diverter assembly 
could lead to an outlet header, an inlet header, a further 
well, or some processing apparatus (not shown). Many 



of these processes may never have been envisaged 
when the Christmas tree was originally installed, and the 
invention provides the advantage of being able to adapt 
these existing trees in a low cost way while reducing the 
risk of leak. 

[0266] Fig. 35 shows an arrangement (not an embod- 
iment of the invention) especially adapted for injecting 
gas into the produced fluids. A wellhead cap 40e is at- 
tached to the top of a horizontal tree 400. The wellhead 
cap 40e has plugs 408, 409; an inner axial passage 402; 
and an inner lateral passage 404, connecting the inner 
axial passage 402 with an inlet 406. One end of a coil 
tubing insert 41 0 is attached to the inner axial passage 
402. Annular sealing plug 412 is provided to seal the 
annulus between the top end of coiltubing insert 410 and 
inner axial passage 402. coil tubing insert 41 0 of 2 inch 
(5cm) diameter extends downwards from annularsealing 
plug 412 into the production bore 1 of horizontal Christ- 
mas tree 400. 

[0267] In use, inlet 406 is connected to a gas injection 
line 41 4. Gas is pumped from gas injection line 41 4 into 
Christmas tree cap 40e, and is diverted by plug 408 down 
into coil tubing insert 41 0; the gas mixes with the produc- 
tion fluids in the well. The gas reduces the density of the 
produced fluids, giving them "lift". The mixture of oil well 
fluids and gas then travels up production bore 1 , in the 
annulus between production bore 1 and coil tubing insert 
410. This mixture is prevented from travelling into cap 
40e by plug 408; instead it is diverted into branch 10 for 
recovery therefrom. 

[0268] This arrangement therefore divides the produc- 
tion bore into two separate regions, so thatthe production 
bore can be used both for injecting gases and recovering 
fluids. This is in contrast to known methods of injectf luids 
via an annulus bore of the well, which cannot work if the 
annulus bore becomes blocked. In the conventional 
methods, which rely on the annulus bore, a blocked an- 
nulus bore would mean the entire tree would have to be 
removed and replaced, whereas the present arrange- 
ment provides a quick and inexpensive alternative. 
[0269] In this arrangement, the diverter assembly is 
the coil tubing insert 410 and the annular sealing plug 
412. 

[0270] Fig. 36 (not an embodiment of the invention) 
shows a more detailed view of the Fig. 35 apparatus; the 
apparatus and the function are the same, and like parts 
are designated by like numbers. 
[0271] Fig. 37 (not an embodiment of the invention) 
shows the gas injection apparatus of Fig. 35 combined 
with the flow diverter assembly of Fig 3 and like parts in 
these two drawings are designated here with like num- 
bers. In this figure, outlet 44 and inlet 46 are also con- 
nected to inner axial passage 402 via respective inner 
lateral passages. 

[0272] A booster pump (not shown) is connected be- 
tween the outlet 44andthe inlet 46.Thetopend of conduit 
42 is sealingly connected at annular seal 416 to inner 
axial passage 402 above inlet 46 and below outlet 44. 



19 



37 



EP 1 639 230 B1 



38 



Annular sealing plug 412 of coil tubing insert 410 lies 
between outlet 44 and gas inlet 406. 
[0273] In use, as in Fig. 35, gas is injected through inlet 
406 into Christmas tree cap 40e and is diverted by plug 
408 and annular sealing plug 412 into coil tubing insert 5 
410. The gas travels down the coil tubing insert 410, 
which extends into the depths of the well. The gas com- 
bines with the well fluids at the bottom of the wellbore, 
giving the fluids "lift, and making them easier to pump. 
The booster pump between the outlet 44 and the inlet 46 10 
draws the "gassed" produced fluids up the annulus be- 
tween the wall of production bore 1 and coil tubing insert 
41 0. When the fluids reach conduit 42, they are diverted 
by seals 43 into the annulus between conduit 42 and coil 
tubing insert 41 0. The fluids are then diverted by annular 15 
sealing plug 412 through outlet 44, through the booster 
pump, and are returned through inlet 46. At this point, 
the fluids pass into the annulus created between the pro- 
duction bore/tree cap inner axial passage and conduit 
42, in the volume bounded by seals 41 6 and 43. As the 20 
fluids cannot pass seals 416, 43, they are diverted out 
of the Christmas tree through valve 1 2 and branch 1 0 for 
recovery. 

[0274] This arrangement is therefore similar to the Fig 
35 arrangement, additionally allowing for the diversion 25 
of fluids to a processing apparatus before returning them 
to the tree for recovery from the outlet of the branch 1 0. 
In this arrangement , the conduit 42 is a first diverter as- 
sembly, and the coil tubing insert 41 0 is a seconddiverter 
assembly. The conduit 42, which forms a secondary di- 30 
verter assembly in this arrangement, does not have to 
be located in the production bore. Alternative arrange- 
ments may use any of the other forms of diverter assem- 
bly described in this application (e.g. a diverter assembly 
on a choke body) in conjunction with the coil tubing insert 35 
410 in the production bore. 

[0275] Modifications and improvements may be incor- 
porated without departing fromthe scope of the invention. 
For example, as stated above, the diverter assembly 
could be attached to an annulus choke body, instead of 40 
to a production choke body. 

[0276] It should be noted that the flow diverters of Figs 
20, 21 , 22, 24 and 26 to 29 could also be used in the Fig 
34 method; the Fig 33 embodiment shown in Fig 34 is 
just one possible example. 45 
[0277] Likewise, the methods shown in Fig 30 where 
described with reference to the Fig 23 embodiment, but 
these could be accomplished with any of the embodi- 
ments providing two separate flowpaths; these include 
the embodiments of Figs 20 to 22 and 26 to 29. with 50 
modifications to the method of Fig 30, so that fluids from 
the well A are only required to flow to the outlet header 
703, without any addition of fluids from the inlet header 
701, the embodiment only providing a single flowpath 
(Fig 31) could also be used. Similar considerations apply 55 
to well B. 

[0278] The method of Fig 18, which involves recover- 
ing fluids from a first well and injecting at least a portion 



of these fluids into a second well, could likewise be 
achieved with any of the two-flowpath embodiments of 
Figs 20 to 22 and 26 to 29. with modifications to this 
method (e.g. the removal of the conduit 234), the single 
flowpath embodiment of Fig 31 could be used for the 
injection well 330. Such an embodiment is shown in Fig 
38, which shows a first recovery well A and a second 
injection well B. Wells A and B each have a tree and a 
diverter assembly according to Fig 31 . Fluids are recov- 
ered from well A via the diverter assembly; the fluids pass 
into a conduit C and enter a processing apparatus P. The 
processing apparatus includes a separating apparatus 
and a fluid riser R. The processing apparatus separates 
hydrocarbons from the recovered fluids and sends these 
into the fluid riser R for recovery to the surface via this 
riser. The remaining fluids are diverted into conduit D 
which leads to the diverter assembly of the injection well 
B, and from there, the fluids pass into the well bore. This 
embodiment allows diversion of fluids whilst bypassing 
the export line which is normally connected to outlets 
1118. 

[0279] Therefore, with this modification, single flow- 
path embodiments could also be used for the production 
well. This method can therefore be achieved with a di- 
verter assembly located in the production/annulus bore 
or in a wing branch, and with most of the embodiments 
of diverter assembly described in this specification. 
[0280] Likewise, the method of Fig 23, in which recov- 
ery and injection occur in the same well, could be 
achieved with the flow diverters of Figs 2 to 6 (so that 
one of the flow diverters is located in the production bore/ 
annulus bore). A first diverter assembly could be located 
in the production bore and a second diverter assembly 
could be attached to the annulus choke, for example. 
[0281] The Fig 23 method, in which recovery and in- 
jection occur in the same well, could also be achieved 
with any of the other diverter assemblies described in the 
application, including the diverter assemblies which do 
not provide two separate flowpaths. An example of one 
such modified method is shown in Fig 39. This shows 
the same tree as Fig 23, used with two Fig 31 diverter 
assemblies. In this modified method, none of the fluids 
recovered from the first diverter assembly 640 connected 
to the production bore 602 are returned to the first diverter 
assembly 640. Instead, fluids are recovered from the pro- 
duction bore, are diverted through the first diverter as- 
sembly 640 into a conduit 690, which leads to a process- 
ing apparatus 700. The processing apparatus 700 could 
be any of the ones described in this application. In this 
embodiment, the processing apparatus 700 including 
both a separating apparatus and a fluid riser R to the 
surface. The apparatus 700 separates hydrocarbons 
fromthe rest of the produced fluids, andthe hydrocarbons 
are recovered to the surface via the fluid riser R, whilst 
the rest of the fluids are returned to the tree via conduit 
696. These fluids are injected into the annulus bore via 
the second diverter assembly 680. 
[0282] Therefore, as illustrated by the examples in Figs 



20 



39 



EP 1 639 230 B1 



40 



38 and 39, the methods of recovery and injection are not 
limited to methods which include the return of some of 
the recovered fluids to the diverter assembly used in the 
recovery, or return of the fluids to a second portion of a 
first flowpath. 

[0283] All of the diverter assemblies shown and de- 
scribed can be used for both recovery of fluids and injec- 
tion of fluids by reversing the flow direction. 
[0284] Any of the embodiments which are shown con- 
nected to a production wing branch could instead be con- 
nected to an annulus wing branch, or another branch of 
the tree. The embodiments of Figs 31 , 33 and 34 could 
be connected to other parts of the wing branch, and are 
not necessarily attached to a choke body. For example, 
these embodiments could be located in series with a 
choke, at a different point in the wing branch, such as 
shown in the embodiments of Figs 26 to 29. 

Claims 

1. A Christmas tree of an oil or gas well, comprising: 

a branch (10) which, in a first configuration, 
forms part of a flowpath (1 0; 530) to and from a 
bore of the Christmas tree; and 
a diverter assembly (502) comprising a housing 
(504) having an internal passage (508); 
characterised in that a part (542) of the diverter 
assembly (502) is locatable in a bore in the 
branch (10) to provide an alternative flowpath 
(10; 520; 544) to or from the bore of the Christ- 
mas tree via the diverter assembly (502). 

2. A Christmas tree as claimed in claim 1 , wherein the 
branch (10) comprises awing branch. 

3. A Christmas tree as claimed in claim 1 or claim 2, 
wherein the housing (504) is connected to a choke 
body (500) of the Christmas tree. 

4. A Christmas tree as claimed in any preceding claim, 
wherein the housing (504) includes an axial insert 
portion. 

5. A Christmas tree as claimed in claim 4, wherein the 
axial insert portion is in the form of a conduit (542) 
which divides the internal passage (508) into a first 
region comprising the bore of the conduit (542) and 
a second region comprising the annulus (520) be- 
tween the housing (504) and the conduit (542). 

6. A Christmas tree as claimed in claim 5, wherein the 
conduit (542) is adapted to seal within the inside of 
the branch (1 0) to prevent direct fluid communication 
between the annulus (520) and the bore of the con- 
duit (542). 



7. A Christmas tree as claimed in claim 4, wherein the 
axial insert portion is in the form of a stem (1128) 
provided with a plug (1 1 30) adaptedto blockan outlet 
(1118) of the Christmas tree. 

5 

8. A Christmas tree as claimed in any preceding claim, 
including a pump (107) adapted to fit within a bore 
(123) of the Christmas tree (101). 

10 9. A Christmas tree as claimed in claim 8, wherein the 
diverter assembly is adapted to divert fluids flowing 
through a first region of the bore (123), through the 
pump (1 07), and back to a second portion of the bore 
(123) for recovery therefrom via an outlet. 

15 

1 0. A Christmas tree as claimed in any preceding claim, 
wherein the branch (10) has an inlet and an outlet 
(530) and wherein the diverter assembly (502) pro- 
vides a barrier (542; 532) to separate the branch inlet 

20 from the branch outlet (530). 

11 . A Christmas tree as claimed in any preceding claim, 
connected to a processing apparatus (550). 

25 1 2. A Christmas tree as claimed in any preceding claim, 
also having a second diverter assembly (605) con- 
nected to a second branch (621) of the Christmas 
tree (601). 

30 13. A Christmas tree as claimed in claim 12, wherein the 
first branch (620) comprises a production wing 
branch and the second branch (621) comprises an 
annulus wing branch. 

35 1 4. A Christmas tree as claimed in any preceding claim, 
having a bypass conduit (1146; 1148; 1150) con- 
necting the diverter assembly (1110") to the well 
bore whilst bypassing at least a part of the branch 
(1114). 

40 

1 5. A Christmas tree as claimed in claim 1 4, also having 
a cap (1 1 40), and wherein the bypass conduit (1 1 46; 
1 148; 1 150) connects the diverter assembly (1110 
" ) to the well bore via an aperture (1 1 42) in the cap 

45 (1140). 

16. A Christmas tree assembly comprising a first Christ- 
mas tree as claimed in any preceding claim, and a 
second Christmas tree as claimed in any preceding 

50 claim, thefirst and second Christmas trees being con- 
nected by at least one flowpath (C; P; D) . 

17. A Christmas tree assembly as claimed in claim 16, 
wherein a processing apparatus (P) is located in the 

55 at least one flowpath (C; P; D). 

18. A method of diverting fluids, comprising: 
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connecting a diverter assembly (502) to a 
branch (10) of a Christmas tree of an oil or gas 
well, the branch (10) having formed part of a 
flowpath (10; 530) to and from a bore of the 
Christmas tree before connection of the diverter 5 
assembly (502), wherein the diverter assembly 
(502) comprises a housing (504) having an in- 
ternal passage (508); 

characterised in that, in the connection of the 
diverter assembly (502) to the Christmas tree 10 
branch (1 0), part of the diverter assembly (502) 
is located in a bore of the Christmas tree branch 
(1 0), to provide an alternative flowpath (1 0; 520; 
544) to or from the bore of the Christmas tree via 
the diverter assembly (502); and 15 
that the method includes the step of diverting 
the fluids through the alternative flowpath (10; 
520; 544). 



19. Amethod as claimed in claim 18, whereinthe diverter 20 
assembly (502) is attached to a choke body (500). 

20. A method as claimed in claim 18 or claim 19, for 
recovering produced fluids from a well. 

25 

21. A method as claimed in any of claims 18 to 20, for 
injecting fluids into a well. 

22. Amethod as claimed in anyof claims 18 to 21 ^here- 
in the diverter assembly (502) provides two separate 30 
regions (542; 520) within the diverter assembly 
(502), and the method includes the step of passing 
fluids through one of the first and second regions 
(542; 520) and subsequently passing at least a por- 
tion of these fluids through the other of the first and 35 
the second regions (542; 520). 

23. A method as claimed in any of claims 18to21 ^here- 
in the diverter assembly provides two separate re- 
gions (542; 520) and wherein a first set of fluids is 40 
passed through the first region (520) and a second 

set of fluids is passed through the second region 
(542). 

24. A method as claimed in claim 22 or 23, wherein the 45 
method includes the step of processing the fluids in 

a processing apparatus (550) located between the 
first and second regions (520, 542). 

25. A method as claimed in claim 24, wherein the 50 
processing separates a hydrocarbon component of 

the fluids from the rest of the recovered fluids, and 
wherein a non-hydrocarbon component of the fluids 
is re-injected into the well. 

55 

26. A method as claimed in claim 25, wherein a hydro- 
carbon component of the recovered fluids is returned 
to the Christmas tree and is recovered from an outlet 



(530) of the Christmas tree. 

27. A method as claimed in any of claims 18 to 26, in- 
cluding the steps of diverting fluids from a first portion 
of a first flowpath (520) to a second flowpath (544; 
550; 541) and diverting the fluids from the second 
flowpath (544; 550; 541) to a second portion of the 
first flowpath (542). 

28. A method as claimed in any of claims 18 to 27, in- 
cluding the step of recovering fluids from a first well 
(A) and re-injecting at least a portion of the recovered 
fluids into a second well (B). 

29. A method as claimed in any of claims 18 to 28, in- 
cluding the step of recovering fluids from a well and 
the step of injecting fluids into the well. 

30. A method as claimed in claim 29, wherein at least 
some of the recovered fluids are re-injected into the 
well. 

31 . A method as claimed in claim 30, wherein the recov- 
ered fluids are processed before they are re-injected 
into the well. 

32. A method as claimed in any of claims 18 to 31, in- 
cluding the step of diverting fluids between the di- 
verter assembly (1110 ") and a well bore whilst by- 
passing at least a portion of the branch (1 1 1 4). 

33. The method claimed in any of claims 1 8 to 32, where- 
in the diverter assembly (502) includes a conduit 
(542) locatable in the bore of the branch (1 0) to cre- 
ate an annulus (520) between the bore of the branch 
(10) and the conduit (542), and wherein the fluids 
entering the diverter assembly (502) flow into the 
annulus (520) and are subsequently returned 
through the conduit (542). 

34. The method claimed in any of claims 1 8 to 33, where- 
in the fluids are diverted via a cap (1 140) connected 
to the Christmas tree. 

35. The method claimed in any of claims 1 8 to 34, where- 
in the Christmas tree has an integral pump (107) lo- 
cated in a bore (1 23) of the Christmas tree (101) and 
wherein the fluids pass through the integral pump 
(107). 



Patentanspruche 

1 . Ein Eruptionskreuz einer 6l- oder Gasbohrung, das 
Folgendes beinhaltet: 

einen Abzweig (1 0), der in einer ersten Konfigu- 
ration einen Teil eines Durchf lusswegs (1 0; 530) 
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von und zu einem Durchgang des Eruptions- 
kreuzes bildet; und 

eine Diverteranordnung (502), die ein AuBenteil 
(504) mit einem internen Durchlass (508) be- 
inhaltet; 5 
dadurch gekennzeichnet, dass ein Teil (542) 
der Diverteranordnung (502) in einem Durch- 
gang in dem Abzweig (10) lokalisiert werden 
kann, um einen alternativen Durchflussweg (1 0; 
520; 544) von oderzu dem Durchgang des Erup- 10 
tionskreuzes uber die Diverteranordnung (502) 
bereitzustellen. 



2. Eruptionskreuz gemaG Anspruch 1, wobei der Ab- 
zweig (10) einen Seitenabzweig beinhaltet. 15 

3. Eruptionskreuz qemaG Anspruch 1 oder Anspruch 



4. 



5. Eruptionskreuz gemaG Anspruch 4, wobei der axiale 25 
Einsatzabschnittin der Form einerLeitung (542) vor- 
liegt, die den internen Durchlass (508) in einen er- 
sten Bereich, der den Durchgang der Leitung (542) 
beinhaltet, und einen zweiten Bereich, der den 
Ringraum (520) zwischen dem AuGenteil (504) und 30 
der Leitung (542) beinhaltet, aufteilt. 

6. Eruptionskreuz gemaG Anspruch 5, wobei die Lei- 
tung (542) angepasst ist, um innerhalb des Innen- 
raums des Abzweigs (1 0) eine Dichtung zu formen, 35 
um einen direkten Flussigkeitsaustausch zwischen 
dem Ringraum (520) und dem Durchgang (542) der 
Leitung zu verhindern. 

7. Eruptionskreuz gemaG Anspruch 4, wobei der axiale 40 
Einsatzabschnitt in der Form eines Schafts (1128) 
vorliegt, der mit einem Stopfen (1 1 30) versehen ist, 
welcher angepasst ist, um einen Auslass (1118) des 
Eruptionskreuzes zu blockieren. 

45 

8. Eruptionskreuz gemaG einem der vorhergehenden 
Anspruche, das eine Pumpe (107) umfasst, die an- 
gepasst ist, um in einen Durchgang (123) des Erup- 
tionskreuzes (101) zu passen. 

50 

9. Eruptionskreuz gemaG Anspruch 8, wobei die Diver- 
teranordnung angepasst ist, um durch einen ersten 
Bereich des Durchgangs (123) flieGende Fluide 
durch die Pumpe (1 07) und zuruckzu einem zweiten 
Abschnitt des Durchgangs (123) umzuleiten, um sie 55 
von dort uber einen Auslass zu gewinnen. 

10. Eruptionskreuz gemaG einem der vorhergehenden 



Anspruche, wobei der Abzweig (10) einen Einlass 
und einen Auslass (530) aufweist und wobei die Di- 
verteranordnung (502) eine Barriere (542; 532) be- 
reitstellt, um den Abzweigeinlass von dem Abzwei- 
gauslass (530) zu trennen. 

11. Eruptionskreuz gemaG einem der vorhergehenden 
Anspruche, das mit einer Verarbeitungsvorrichtung 
(550) verbunden ist. 

12. Eruptionskreuz gemaG einem der vorhergehenden 
Anspruche, das auGerdem eine zweite Diverteran- 
ordnung (605) aufweist, die mit einem zweiten Ab- 
zweig (621) des Eruptionskreuzes (601) verbunden 
ist. 

13. Eruptionskreuz gemaG Anspruch 12, wobei der erste 
Abzweig (620) einen Forderseitenabzweig beinhal- 
tet und wobei der zweite Abzweig (621) einen 
Ringraumseitenabzweig beinhaltet. 

14. Eruptionskreuz gemaG einem der vorhergehenden 
Anspruche, das eine Umgehungsleitung (1146; 
1148; 1150) aufweist, die die Diverteranordnung 
(1110") mit dem Bohrungsdurchgang verbindet, 
wahrend mindestens ein Teil des Abzweigs (1114) 
umgangen wird. 

1 5. Eruptionskreuz gemaG Anspruch 1 4, das auGerdem 
eine Kappe (1140) aufweist, und wobei die Umge- 
hungsleitung (1 146; 1148; 1150) die Diverteranord- 
nung (1 110") uber eine Offnung (1 142) in der Kappe 
(1 140) mit dem Bohrungsdurchgang verbindet. 

16. Eine Eruptionskreuzanordnung, die ein erstes Erup- 
tionskreuz gemaG einem der vorhergehenden An- 
spruche und ein zweites Eruptionskreuz gemaG ei- 
nem der vorhergehenden Anspruche beinhaltet, wo- 
bei das erste und das zweite Eruptionskreuz durch 
mindestens einen Durchflussweg (C; P; D) verbun- 
den sind. 

1 7. Eruptionskreuzanordnung gemaG Anspruch 1 6, wo- 
bei in dem mindestens einen Durchflussweg (C; P; 
D) eine Verarbeitungsvorrichtung (P) lokalisiert ist. 

18. Ein Verfahren zum Umleiten von Fluiden, das Fol- 
gendes beinhaltet: 

Verbinden einer Diverteranordnung (502) mit ei- 
nem Abzweig (1 0) eines Eruptionskreuzes einer 
Ol- oder Gasbohrung, wobei der Abzweig (10) 
vor der Verbindung der Diverteranordnung 
(502) einen Teil eines Durchflusswegs (1 0; 530) 
von und zu einem Durchgang des Eruptions- 
kreuzes gebildet hat, wobei die Diverteranord- 
nung (502) ein AuGenteil (504) mit einem inter- 
nen Durchlass (508) beinhaltet; 



Eruptionskreuz gemaG Anspruch 1 oder Anspruch 
2, wobei das AuGenteil (504) mit einem Drosselkor- 
per (500) des Eruptionskreuzes verbunden ist. 

Eruptionskreuz gemaG einem der vorhergehenden 
Anspruche, wobei das AuGenteil (504) einen axialen 
Einsatzabschnitt umfasst. 
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dadurch gekennzeichnet, dass bei der Ver- 
bindung der Diverteranordnung (502) mit dem 
Eruptionskreuzabzweig (10) ein Teil der Diver- 
teranordnung (502) in einem Durchgang des 
Eruptionskreuzabzweigs (10) lokalisiert ist, urn 5 
einen alternativen Durchflussweg (1 0; 520; 544) 
von oderzu dem Durchgang des Eruptionskreu- 
zes uberdie Diverteranordnung (502) bereitzu- 
stellen; und 

dass das Verfahren den Schritt des Umleitens 10 
der Fluide durch den alternativen Durchfluss- 
weg (1 0; 520; 544) umfasst. 



19. Verfahren gemaB Anspruch 18, wobei die Diverter- 
anordnung (502) an einem Drosselkorper (500) an- 15 
gebracht ist. 

20. Verfahren gemaB Anspruch 18 oder Anspruch 19, 
um geforderte Fluide aus einer Bohrung zu gewin- 
nen. 20 

21. Verfahren gemaB einem der Anspruche 18 bis 20 
zum Einpressen von Fluiden in eine Bohrung. 

22. Verfahren gemaB einem der Anspruche 18 bis 21, 25 
wobei die Diverteranordnung (502) innerhalb der Di- 
verteranordnung (502) zwei getrennte Bereiche 
(542; 520) bereitstellt, und wobei das Verfahren den 
Schritt des Leitens von Fluiden durch einen von dem 
ersten und dem zweiten Bereich (542; 520) und des 30 
anschlieBenden Leitens von mindestens einem An- 

teil dieser Fluide durch den anderen von dem ersten 
und dem zweiten Bereich (542; 520) umfasst. 

23. Verfahren gemaB einem der Anspruche 18 bis 21, 35 
wobei die Diverteranordnung zwei getrennte Berei- 
che (542; 520) bereitstellt, und wobei ein ersterSatz 
Fluide durch den ersten Bereich (520) geleitet wird 
und ein zweiter Satz Fluide durch den zweiten Be- 
reich (542) geleitet wird. 40 

24. Verfahren gemaB Anspruch 22 oder 23, wobei das 
Verfahren den Schritt des Verarbeitens der Fluide in 
einer Verarbeitungsvorrichtung (550), die zwischen 
dem ersten und dem zweiten Bereich (520, 542) lo- 45 
kalisiert ist, umfasst. 

25. Verfahren gemaB Anspruch 24, wobei das Verarbei- 
ten eine Kohlenwasserstoffkomponente der Fluide 
von dem Rest der gewonnenen Fluide trennt und 50 
wobei eine Nichtkohlenwasserstoffkomponente der 
Fluide wieder in die Bohrung eingepresst wird. 

26. Verfahren gemaB Anspruch 25, wobei eine Kohlen- 
wasserstoffkomponente der gewonnenen Fluide 55 
zum Eruptionskreuz zuruckgefuhrt wird und aus ei- 
nem Auslass (530) des Eruptionskreuzes gewonnen 
wird. 



27. Verfahren gemaB einem der Anspruche 18 bis 26, 
das die Schritte des Umleitens von Fluiden von ei- 
nem ersten Abschnitt eines ersten Durchflusswegs 
(520) zu einem zweiten Durchflussweg (544; 550; 
541) und das Umleiten der Fluide von dem zweiten 
Durchflussweg (544; 550; 541 ) zu einem zweiten Ab- 
schnitt des ersten Durchflusswegs (542) umfasst. 

28. Verfahren gemaB einem der Anspruche 18 bis 27, 
das den Schritt des Gewinnens von Fluiden aus ei- 
ner ersten Bohrung (A) und das Wiedereinpressen 
von mindestens einem Anteil der gewonnenen Flui- 
de in eine zweite Bohrung (B) umfasst. 

29. Verfahren gemaB einem der Anspruche 18 bis 28, 
das den Schritt des Gewinnens von Fluiden aus ei- 
ner Bohrung und den Schritt des Einpressens von 
Fluiden in die Bohrung umfasst. 

30. Verfahren gemaB Anspruch 29, wobei mindestens 
einige der gewonnene Fluide wieder in die Bohrung 
eingepresst werden. 

31. Verfahren gemaB Anspruch 30, wobei die gewon- 
nenen Fluide verarbeitet werden, bevor sie wieder 
in die Bohrung eingepresst werden. 

32. Verfahren gemaB einem der Anspruche 18 bis 31, 
das den Schritt des Umleitens von Fluiden zwischen 
der Diverteranordnung (1110") und einem Boh- 
rungsdurchgang umfasst, wahrend mindestens ein 
Abschnitt des Abzweigs (1114) umgangen wird. 

33. Verfahren gemaB einem der Anspruche 18 bis 32, 
wobei die Diverteranordnung (502) eine Leitung 
(542) umfasst, die in dem Durchgang des Abzweigs 
(10) lokalisiert werden kann, um zwischen dem 
Durchgang des Abzweigs (1 0) und der Leitung (542) 
einen Ringraum (520) zu schaffen, und wobei die 
Fluide, die in die Diverteranordnung (502) eintreten, 
in den Ringraum (520) flieBen und anschlieBend 
durch die Leitung (542) zuruckgefuhrt werden. 

34. Verfahren gemaB einem der Anspruche 18 bis 33, 
wobei die Fluide uber eine Kappe (1140), die mit 
dem Eruptionskreuz verbunden ist, umgeleitet wer- 
den. 

35. Verfahren gemaB einem der Anspruche 18 bis 34, 
wobei das Eruptionskreuz eine integrale Pumpe 
(107) aufweist, die in einem Durchgang (123) des 
Eruptionskreuzes (1 01 ) lokalisiert ist, und wobei die 
Fluide durch die integrale Pumpe (1 07) geleitet wer- 
den. 
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Revendi cations 

1. Un arbre de Noel d'un puits de petrole ou d'un puits 
a gaz, comprenant : 

5 

un embranchement (1 0) qui, dans une premiere 
configuration, fait partie d'une voie de passage 
(10 ; 530) menant a et partant d'un alesage de 
I'arbre de Noel ; et 

un assemblage formant deflecteur (502) com- 10 
prenant un logement (504) possedant un pas- 
sage interne (508) ; 

caracterise en ce qu'une partie (542) de ['as- 
semblage formant deflecteur (502) peut etre si- 
tuee dans un alesage dans Tembranchement 15 
(10) afin de fournir une autre voie de passage 
(1 0 ; 520 ; 544) menant a ou partant de I'alesage 
de I'arbre de Noel via I'assemblage formant de- 
flecteur (502). 

20 

2. Un arbre de Noel tel que revendique dans la reven- 
dication 1, dans lequel l'embranchement (10) com- 
prend un embranchement lateral. 

3. Un arbre de Noel tel que revendique dans la reven- 25 
dication 1 ou la revendication 2, dans lequel le loge- 
ment (504) est raccorde a un corps de duse (500) 

de I'arbre de Noel. 

4. Un arbre de Noel tel que revendique dans n'importe 30 
quelle revendication precedente, dans lequel le lo- 
gement (504) comporte une portion d'insertion axia- 

le. 

5. Un arbre de Noel tel que revendique dans la reven- 35 
dication 4, dans lequel la portion d'insertion axiale 
presente la forme d'un conduit (542) qui divise le 
passage interne (508) en une premiere region com- 
prenant I'alesage du conduit (542) et une deuxieme 
region comprenant I'espace annulaire (520) entre le 40 
logement (504) et le conduit (542). 

6. Un arbre de Noel tel que revendique dans la reven- 
dication 5, dans lequel le conduit (542) est adapte 
pour faire joint a I'interieur de l'embranchement (1 0) 45 
afin d'empecher la communication directe de fluide 
entre I'espace annulaire (520) et I'alesage du conduit 
(542). 

7. Un arbre de Noel tel que revendique dans la reven- 50 
dication 4, dans lequel la portion d'insertion axiale 
presente la forme d'une tige (1 1 28) munie d'un bou- 
chon (1 130) adapte pour bloquer un orifice de sortie 
(1118) de I'arbre de Noel. 

55 

8. Un arbre de Noel tel que revendique dans n'importe 
quelle revendication precedente, comportant une 
pompe (107) adapteepourtenira I'interieur d'un ale- 



sage (123) de I'arbre de Noel (101). 

9. Un arbre de Noel tel que revendique dans la reven- 
dication 8, dans lequel I'assemblage formant deflec- 
teur est adapte pour detourner des fluides qui en 
s'ecoulant traversent une premiere region de I'ale- 
sage (123), puis la pompe (107), pour revenirvers 
une deuxieme portion de I'alesage (123) afin d'en 
etre recuperes par le biais d'un orifice de sortie. 

1 0. Un arbre de Noel tel que revendique dans n'importe 
quelle revendication precedente, dans lequel l'em- 
branchement (10) a un orifice d'entree et un orifice 
de sortie (530) et dans lequel I'assemblage formant 
deflecteur (502) fournit une barriere (542 ; 532) afin 
de separer I'orifice d'entree d'embranchement de 
I'orifice de sortie d'embranchement (530). 

1 1 . Un arbre de Noel tel que revendique dans n'importe 
quelle revendication precedente, raccorde a un ap- 
pareil de traitement (550). 

1 2. Un arbre de Noel tel que revendique dans n'importe 
quelle revendication precedente, possedant aussi 
un deuxieme assemblage formant deflecteur (605) 
raccorde a un deuxieme embranchement (621) de 
I'arbre de Noel (601). 

13. Un arbre de Noel tel que revendique dans la reven- 
dication 12, dans lequel le premier embranchement 
(620) comprend un embranchement lateral de pro- 
duction et le deuxieme embranchement (621) com- 
prend un embranchement lateral d'espace annulai- 
re. 

1 4. Un arbre de Noel tel que revendique dans n'importe 
quelle revendication precedente, possedant un con- 
duit de derivation (1146 ; 1148 ; 1150) raccordant 
I'assemblage formant deflecteur (1 1 1 0") a I'alesage 
de puits tout en contournant au moins une partie de 
l'embranchement (1 114). 

15. Un arbre de Noel tel que revendique dans la reven- 
dication 14, possedant aussi un couvercle (1140), 
et dans lequel le conduit de derivation (1 146 ; 11 48 ; 
1150) raccorde I'assemblage formant deflecteur 
(1 1 1 0") a I'alesage de puits par le biais d'une ouver- 
ture (1 142) dans le couvercle (1 140). 

16. Un assemblage d'arbres de Noel comprenant un 
premier arbre de Noel tel que revendique dans n'im- 
porte quelle revendication precedente, et un deuxie- 
me arbre de Noel tel que revendique dans n'importe 
quelle revendication precedente, le premier et le 
deuxieme arbre de Noel etant raccordes par au 
moins une voie de passage (C ; P ; D). 

1 7. Un assemblage d'arbres de Noel tel que revendique 
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dans la revendication 1 6, dans lequel un appareil de 
traitement (P) est situe dans cette au moins une voie 
de passage (C ; P ; D). 

18. Un procede de detournement de fluides, 5 
comprenant : 

raccorder un assemblage formant deflecteur 
(502) a un embranchement (10) d'un arbre de 
Noel d'un puits de petrole ou d'un puits a gaz, 10 
I'embranchement (10) ayant fait partie d'une 
voie de passage (1 0 ; 530) menant a et partant 
d'un alesage de I'arbre de Noel avant son rac- 
cordement a I'assemblage formant deflecteur 
(502), dans lequel I'assemblage formant deflec- 15 
teur (502) comprend un logement (504) posse- 
dant un passage interne (508) ; 
caracterise en ce que, dans le raccordement 
de I'assemblage formant deflecteu r (502) a I'em- 
branchement d'arbre de Noel (10), une partie 20 
de I'assemblage formant deflecteur (502) est si- 
tuee dans un alesage de I'embranchement d'ar- 
bre de Noel (10) afin de fournir une autre voie 
de passage (10; 520 ; 544) menant a ou partant 
de I'alesage de I'arbre de Noel via I'assemblage 25 
formant deflecteur (502) ; et 
en ce que le procede comporte I'etape consis- 
tant a detourner les fluides par I'autre voie de 
passage (10 ; 520 ; 544). 

30 

19. Un procede tel que revendique dans la revendication 
18, dans lequel I'assemblage formant deflecteur 
(502) est rattache a un corps de duse (500). 

20. Un procede tel que revendique dans la revendication 35 
18 ou la revendication 19, destine a la recuperation 

de fluides produits a partir d'un puits. 

21. Un procede tel que revendique dans n'importe les- 
quelles des revendications 1 8 a 20, destine a I'injec- 40 
tion de fluides dans un puits. 

22. Un procede tel que revendique dans n'importe les- 
quelles des revendications 1 8 a 21 , dans lequel I'as- 
semblage formant deflecteur (502) fournit deux re- 45 
gions distinctes (542 ; 520) a I'interieur de I'assem- 
blage formant deflecteur (502), et le procede com- 
porte I'etape consistant a faire passer des fluides par 
une region parmi la premiere et la deuxieme region 
(542 ; 520) et de faire ensuite passer au moins une 50 
portion de ces fluides par I'autre region parmi la pre- 
miere et la deuxieme region (542 ; 520). 

23. Un procede tel que revendique dans n'importe les- 
quelles des revendications 1 8 a 21 , dans lequel I'as- 55 
semblage formant deflecteur fournit deux regions 
distinctes (542 ; 520) et dans lequel un premier grou- 

pe de fluides est amene a passer par la premiere 



region (520) et un deuxieme groupe de fluides est 
amene a passer par la deuxieme region (542). 

24. Un procede tel que revendique dans la revendication 
22 ou la revendication 23, dans lequel le procede 
comporte I'etape consistant a traiter les fluides dans 
un appareil de traitement (550) situe entre la premie- 
re et la deuxieme region (520 ; 542). 

25. Un procede tel que revendique dans la revendication 

24, dans lequel le traitement separe un composant 
hydrocarbone des fluides du reste des fluides recu- 
peret, et dans lequel un composant non-hydrocar- 
bone des fluides est reinjecte dans le puits. 

26. Un procede tel que revendique dans la revendication 

25, dans lequel un composant hydrocarbone des flui- 
des recuperes est renvoye a I'arbre de Noel et est 
recupere par un orifice de sortie (530) de I'arbre de 
Noel. 

27. Un procede tel que revendique dans n'importe les- 
quelles des revendications 18 a 26, comportant les 
etapes consistant a detourner des fluides d'une pre- 
miere portion d'une premiere voie de passage (520) 
vers une deuxieme voie de passage (544 ;550 ;541) 
et a detourner les fluides de la deuxieme voie de 
passage (544 ; 550 ; 541 ) vers une deuxieme portion 
de la premiere voie de passage (542). 

28. Un procede tel que revendique dans n'importe les- 
quelles des revendications 1 8 a 27, comportant I'eta- 
pe consistant a recuperer des fluides a partir d'un 
premier puits (A) et reinjecter au moins une portion 
des fluides recuperes dans un deuxieme puits (B). 

29. Un procede tel que revendique dans n'importe les- 
quelles des revendications 1 8 a 28, comportant I'eta- 
pe consistant a recuperer des fluides a partir d'un 
puits et I'etape consistant a injecter des fluides dans 
le puits. 

30. Un procede tel que revendique dans la revendication 

29, dans lequel au moins une partie des fluides re- 
cuperes est reinjectee dans le puits. 

31. Un procede tel que revendique dans la revendication 

30, dans lequel les fluides recuperes sont traites 
avant d'etre reinjectes dans le puits. 

32. Un procede tel que revendique dans n'importe les- 
quelles des revendications 1 8 a 31 , comportant I'eta- 
pe consistant a detourner des fluides entre I'assem- 
blage formant deflecteur (1110") et un alesage de 
puits tout en contournant au moins une portion de 
I'embranchement (1 114). 

33. Le procede revendique dans n'importe lesquelles 
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des revendications 18 a 32, dans lequel Passembla- 
ge formant deflecteur (502) comporte un conduit 
(542) pouvant etre situe dans I'alesage de I'embran- 
chement (10) pour creer un espace annulaire (520) 
entre I'alesage de rembranchement (10) et le con- 
duit (542), et dans lequel les fluides entrant dans 
I'assemblage formant deflecteur (502) s'ecoulent 
dans I'espace annulaire (520) et sont ensuite ren- 
voyes par le conduit (542). 

34. Le procede revendique dans n'importe lesquelles 
des revendications 18 a 33, dans lequel les fluides 
sont detournes par le biais d'un couvercle (1140) 
raccorde a I'arbre de Noel. 
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15 



35. Le procede revendique dans n'importe lesquelles 
des revendications 18 a 34, dans lequel I'arbre de 
Noel a une pompe integrale (107) situee dans un 
alesage (1 23) de I'arbre de Noel (101) et dans lequel 
les fluides passent par la pompe integrale (1 07). 20 
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Fig. 4a 
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Fig. 6 



35 



EP 1 639 230 B1 




36 



EP 1 639 230 B1 




37 



EP 1 639 230 B1 




38 



EP 1 639 230 B1 




39 



EP 1 639 230 B1 




40 



EP 1 639 230 B1 





41 



EP 1 639 230 B1 




42 



EP 1 639 230 B1 




43 



EP 1 639 230 B1 




EP 1 639 230 B1 




45 



EP 1 639 230 B1 




Fig. 12b 
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Fig. 13b 
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Fig. 14b 



Fig. 15b 
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Fig. 16a 
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Fig. 16b 
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Fig. 27 
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Fig. 28 
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Fig. 29 
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